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EXECUTIVE SUMMARY

TSCA 8§ 6(b)(4) requires thenited State&€nvironmental Protection Agen (U.S.EPA) to establish a

risk evaluation process. In performing risk evaluations for existing chemicals, EPA is directed to
ifdetermine whether a chemical substance present
environment, without considerah of costs or other nensk factors, including an unreasonable risk to a
potentially exposed or susceptible subpopulation identified as relevant to the risk evaluation by the
Admini strator under the <c¢ondi publishadslistofflOchesieal 6 | n
substances that are the subject @IiFROW®ZE,a®gencyds
required by TSCA 8 6(b)(2)(A)rhe cyclic aliphatic bromide clust@iBCD) was one of these

chemicals.

TSCA 8 6(b)(4)(D) requires that EPA publish the scope of the risk evaluation to be conducted, including
thehazards, exposures, conditions of use and potentially exposed or susceptible subpopulations that the
Administrator expects to consideén June 2017, EPA published the Scope of the Risk Evaluation for
HBCD. As explained in th&copeDocument, because tlgewas insufficient time for EPA to provide an
opportunity for comment on a draft of the scope, as EPA intends to do for further scope dodtiR#ents,

is publishing and taking public comment on a problem formulation documesftine the current scope

as an additionalinterim stepprior to publication of the draft risk evaluation tdBCD. Comments

received on this problem formulation document will inform development of the draft risk evaluation.

This problem formulatiordocument refines the conditions of use, exposures and hazards presented in
the scope of the risk evaluation f8BCD and presentsefinedconceptual models and analysis plans
that describe how EPA expectsaioalyzethe riskassociated with the condition$ use ofHBCD.

Thecyclic aliphatic bromidelusterchemicals, including HBCIPChemical Abstracts Service Registry
Number CASRN 2563799-4), 1,2,5,6,9,0-hexdbromacyclododecane (1,2,5,6, 9 HBCD; CASRN

3194556 are flame retardanttJses for 1,%,6-tetrabromocyclooctane have not been identifteat the
purposes of thiproblem formulatord o cument , t he use of AHBCB r ef e
or 319455-6, or both.

The primary use of HBCD is as a flame retardant in expanded polysffaBB8gfoam and extruded
polystyreng XPS)foam in the building and construction indusfiy thermal insulation boards and
foam insulation panel$iBCD also has limited use in replacement parts for automoPBitesduses of
HBCD have included use iHIPS (high impact polystyreneand textilesinformationgathered from
research, industry and consumer product organizations, however, has leddéRéltdethatthose
past uses are not ongoing; there is no longer manufacture, processing or distributi@DofddBIPS
or textiles andthereforethose uses amot included in the scope of the risk evaluation of HBCD

With the listingof HBCD as apersistenbrganicpollutant under the Stockholm Convention in 301
industry begn to phase out manufacturedamse of HBCDIn recent years, domestic manufacture of
HBCD has cease®ome HBCDwas imported in 2017 artePA believes that a small amount of import
of HBCD may be ongoindJse of stockpiles and exportation from theitdd Stateswascompletedat

the endof 2017 and is further discussed in Sect®R2.20f the Problem FormulatioEPA concludes
thattheimportandprocessing of HBCDor use inEPSandXPSin buildingsmay be ongoing

Theconditions of use of ERPand XPSbuilding insulatiorarewithin the scope of the evaluation asue
anticipated to continue to contribute to exposimesdoor environmentdn indoor environmentghere
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may also be exgsuregesulting fromlegacyuses of HBCD inarticles(textiles, electronics and electrical
products)containing HBCD These exposureseexpected to decline over time a@se of these articles

is phasedut The time scales for this are dependent on the adeegfroducts, theusefulservice lives
andtime lines forreplacement

While environmental exposures are expected to declime@stingand processing of the chemieae
phased out, based on past production voluim#gons of pounds per yeagnd he only recent
cessatiorof domestic manufacturingeductions in environmental concentrations widturgradually
over a perioaf time for this persistent and bioaccumulatc@mpound.

This document presents thetential exposures that may result from the conditions of use of HBCD.
Exposures to workers, consumers and/or the general population may occur from industrial, commercial,
andconsumer uses of HBCD and releases to air, water or\dmkers and occupainal norusas may

be exposed to HBCD during conditions of sseh asmport, processing, distributigmepackgng and
recycling.Consumers and bystanders may also be exposed to HBCD via inhalation of particulates,
dermal contact with HBCD in articles andal exposure via ingestion of settled déstposures to the
general population may occur from industrial releaskged to the imporprocessing, distribution and

use of HBCD For HBCD, EPAconsidersvorkers,occupational nomsersconsumers, and Byanders
andcertain other groups of individualgho may experience greater exposures than the general
populationdue to proximity to conditions of use to be potentially exposed or susceptible subpopulations
EPA will evaluatewhether groups of individuaisithin the general population may be exposed via
pathways that are distinct from the general populatiento unique characteristics (e.g., life stage,
behaviors, activities, duratiotf)at increase exposyrand whether groups of individuals have
heightenedusceptibility and should therefore be considered potentially exposed or susceptible
subpopulations for purposestaé risk evaluation.

For aquatic ecological receptosgdimentdwelling benthic specieare expected to be exposed to
HBCD. Exposures to @lagic specieare also expected from HBCD present in surface watephic
magnification may result in greater exposure following bioaccumuldtiexpected thaquatic and
terrestrial species will be exposed to HB@oughthedietaly exposure pathway. EPA will consider
which aquatic and terrestrial species are relai@the food chain.

HBCD has been the subjectsdveral priohealth hazardecologicahazard and risk assessments.
Human health hazards of HBCD have been reviewed@usly and includ&oxicity following acute
(e.g.,potential neurological effectslinical signs of toxicity anddeathat high-dose$, and chronicliver
toxicity, thyroid toxicity, reproductive/developmental toxicity, neurotoxidimymunotoxicity)
exposuresandsensitization/irritationall of which EPA expects tevaluatan the scope of the TSCA

risk evaluation. HBCD hazards to fish, aquatic plasgsliment invertebratesd terrestrial organisms
havealsopreviously been assessédadditional hazard concerns are identified during the systematic
review of the literature, these will also be considered. These hazards will be evaluated based on the
specific exposure scenarios identified.

The revised conceptual models presented in this proldemufation identify conditions of use;
exposure pathways (e.g., media); exposure routes (e.g., inhalation, dermagpoteatjally exposed or
susceptible subpopulatigrend hazards EP&xpects taonsidelin the risk evaluationThe initial
conceptuamodels provided in the HBCBcopeDocument(U.S. EPA, 201 7ypwererevisedduring
problem formulation based on evaluation of reasonably available information for plrojsecailcal
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properties, fate, exposurdsmzardsandconditions of usend based upon consideration of other

statutory and regulatory authoritiés.each prblem formulation document for the first 10 chemical
substances, EPA also refined the activities, hazards, and exposure pathways that will be included in and
excluded fom the risk evaluation.

EPAG6s overall objectives in the ri sk -gqualtylandat i on

scientifically credible risk evaluations within the statutory deadlines, and to extilaatonditions of
use that raise ehgreatest potential for risk2 FR 3372633728 (July 20, 2017).
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1 INTRODUCTION

Thisdocument presentsr commenthe problem formulation of the risk evaluation to be conducted for
HBCD under the Frank R. Lautenberg Chemical Safety for the 21st Century Act. The Frank R.
Lautenberg Chemical Safety for the 21st Century Act amended the Salxétances Control Act
(TSCA), the Nationbdbs primary chemicals manageme
statutory requirements and deadlines for actions related to conducting risk evaluations of existing
chemicals.

In December of 2016, EPpublished a list of 10 chemical substances that are the subject of the
Agencyo6s initial chemical risk evaluations (81
chemical substances were drawn from thcal 2014 up
Assessments, a list of chemicals that EPA identified in 2012 and updated in 2014 (currently totaling 90
chemicals) for further assessment under TSCA. E
constituted the initiation of the risk evaluatiprocess for each of these chemical substances, pursuant to
the requirements of TSCA § 6(b)(4).

TSCAS 6(b)(4)(D) requires that EPA publish the scope of the risk evaluation to be conducted, including
the hazards, exposures, conditions of use and potentially exposed or susceptible subpopulations that the
Administrator expects to consider, within 6 montfierathe initiation of a risk evaluatioithe scope
documentdor all first 10 chemical substances wesgsued on June 22, 2017. The first 10 problem
formulation documents arerafinementof what was presented in the first 10 scope documents. TSCA 8§
6(b)(@)(D) does not distinguish between scoping and problem formulation, and requires EPA to issue
scope documents that include information about the chemical substance, such as the hazards, exposures
conditions of use, and the potentially exposed or suséegtibpopulations that the Administrator

expects to consider in the risk evaluatibmthe future, EPA expects scoping and problem formulation

to be completed prior to the issuance of scope documents and intends to issue scope documents that
include probém formulation.

As explained in the scope document, because there was insufficient time for EPA to provide an
opportunity for comment on a draft of the scope, as EPA intends to do for future scope documents, EPA
is publishing and taking public comment on a problem fortrarialocument to refine the current scope,

as an additional interim step prior to publication of the draft risk evaluatidhB@D. Comments

received on this problem formulation document will inform development of the draft risk evaluation.

The Agency dines problem formulation abke analytical phase of the risk assessment in witieh

purpose for the assessment is articulated, the problem is defined and a plan for analyzing and
characterizing risk is determingfsee Section 2.2 of the Framework farriian Health Risk

Assessment to Inform Decision Maki(ig.S. EPA, 2014)}. The outcome of problem formulation is a
conceptual model(s) and an analysis pldre onceptual model describes the linkages between
stressors and adverse human health effects, including the stressor(s), exposure pathway(s), exposed life
stage(s) and population(s), and endpoint(s) that will be addressed in the risk evélu&tiagPA,

20149. The analysis plan follows the development of the conceptual model(s) and is intended to
describe the approach for conducting the risk evaluatiocluding its design, methods and key inputs

and intended outputss described in the EPA Human Health Risk Assessment Fram@w6arkEPA,

20149. The problenformulation documents refine the initial conceptual models and analysis plans that
were provided in the scope documents.
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First, EPA has removed from the risk evaluaaory activitiesandexposure pathways that EPA has
concluded do not warrant inclusiomthe risk evaluation. For example, for some activities which were
listed as "conditions of use" in the scope document, EPA has insufficient information following the
further investigations during problem formulation to find they are circumstances unidérthe

chemical is "intended, known, or reasonably foreseen to be manufactured, processed, distributed in
commerce, used, or disposed @ther activities, for example, may have been determined to be legacy
use, associated disposal, or legacy dispdws@ahg problem formulationEPA does not expect to

consider or evaluate any such activities or associated hazards or exposures in the applicable risk
evaluationi that is to say, EPA does not expect to determine whether these activities, hazards or
exposurs present unreasonable risk.

SecondEPA also identifiedtertainexposure pathways that are under the purview of regulatory
programs and associated analytical processes carried out under othedGP#stered environmental
statute§ namely,the Safe Drinking Water Act (SDWA), the Clean Water Act (CWA), and the
Resource Conservation and Recovery Act (RCRANd which EPA does neipectto include in the
risk evaluation.

As a general matter, EPA believes tbattain programs undether Fedral environmental laws
adequately assess and effectively manage the risksfaovere@xposure pathway3o use Agency
resources efficiently under the TSCA program, to avoid duplicating efforts taken pursuant to other
Agency programs, to maximize sotéic and analytical efforts, and to meet the thyear statutory
deadline, EPA is planning to exercise its discretion under TSCA 6(b)(4)(D) to focus its analytical efforts
on exposures that are likely to present the greatest concern and consequéralyiskegvaluation
under TSCA, by excluding, on a casgcase basis, certain exposure pathways that fall under the
jurisdiction of other EPAadministered statutéds=PA does not expect to includay such excluded
pathwaysas further explained beloiw the risk evaluation. Therovisions ofvarious EPAadministered
environmental statutes and thienplementing regulationepresent the judgment of Congress and the
Administrator, respectively, as to the degree of health and environmental risk reduattisrstifficient
under the various environmental statutes.

Third, EPA identified any conditions of use, hazards, or exposure pathways which were included in the
scope document anbdat EPA expects tmclude in the risk evaluation but which EPA doeseqiect

to further aalyze in the risk evaluatioEPA expects to be able to reach conclusions about particular
conditions of use, hazards or exposure pathways without further analysis and therefore plans to conduct
no further analysis on those conditiorisiee, hazards or exposure pathways in order to focus the
Agencyo06s resources on mor eEaehxigk evalsation willbe thilorq uant i t
purpose,” meaning not all conditions of use will warrant the same level of evaluation andribg Age

may be able to reach some conclusions witlcoutprehensiver quantitative risk evaluations. 82 FR

33726, 33734, 33739 (July 20, 2017).

EPA received comments on the published scope document for HBCD and has considered the comments
specific to HBCD irthis problem formulation document. EPA is soliciting public comment on this
problem formulation document and when the draft risk evaluation is issued, the Agency intends to

I1As explained in the final r u | EPA imay,ron achdeymase lmdigxaludescértaie v a | u a |
activities that EPA has determined to be conditions of use in order to focus its analytical efforts on those exposares that a
likely to present the greatest concern, and consequently merit an unreasonable risk determi@@&FR33725, 33729

(July 20, 2017)]
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respond to comments that are submitted. In its draft risk evaluation, EPA nsg/ tteviconclusions and
approaches contained in this problem formulation, including the conditions of use and pathways covered
and the conceptual models and analysis plans, based on comments received.

1.1 Regulatory History

EPA conducted a search of existing domestic and international laws, regulations and assessments
pertaining taHBCD. EPA compiled this summary from data available ffecheral state, international

and other government sources, as citefigpendix A EPA evaluated and considered the impact of

these existing laws and regulations (e.g. regulations on landfill disposal, design and operations) in the
problem formulation step to determine what, if any further analysis might be necessary as part of the risk
evaluation. Consideration of the nexus between these existing regulations and TSCA uses may
additionally be made as detailed/specific conditions ofanskeexposure scenarios are developed in
conducting the analysis phase of the risk evaluation.

Federal Laws and Regulations

HBCD is subject tdederal statutes or regulations, other than TSCA, that are implemented by other
offices within EPA and/or othdederal agencies/departments. A summargdéfal laws, regulations
and implementing authorities is providedAppendixA.1.

State Laws and Regulations
HBCD is subject tcstate statutes or regulations implementedthye agencies or departments. A
summary ofstate laws, regulations and implementing authorities is providégpendixA.2.

Laws and Regulations in Other Countries and International Treaties or Agreements

HBCD is subject to statutes or regulations in countries other thanrthedState and/or international

treaties and/or agreements. A summary of these laws, regulations, treaties and/or agreements is providec
in AppendixA.3.

1.2 Assessment History

EPA has identified assessments conducted by other EPA Programs and other orga(seafiaie
1-1). Depending on the source, these assessments may include information on conditions of use,
hazards, exposures and potentially exposed or susceptible subpopulatines-1 shows the
assessments that have been conducted.

In addition to using this informatioEPA intends to conduct a full review of thedevant
datainformationcollectedin the initial comprehensive seardeeHBCD (CASRN 2563%9-4, 3194
55-6, 3194-57-8) Bibliography: Supplemental File for the TSCA Scope Docya@-HQ-OPPTF
20160735 following the literature searciind screeningtrateges documented in thatrategy for
Conducting Literature Searches for HBCD: Supplemental File for the TSCA Scope Dqdtirfent
HQ-OPPT20160735. This will ensure that EP&onsidersnformation that has been madeadable
since these evaluations were conducted.

A Problem Formulation and Initial Assessm@rFEIA) for the Cyclic Aliphatic Bromides Cluster was
published in 201%U.S. EPA, 20155 however, a draft risk assessment was not complatepart of

the scope, EPA developed an initial ldfgcle diagram and initial conceptual models for HBCD that re
consideredeasonably available information
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Table 1-1. Assessment History oHBCD

Authoring Organization

Assessment

EPA assessments

EPA, Officeof Chemical Safety and Pollution
Prevention (OCSPP), Office of Pollution Prevention
Toxics (OPPT)

Initial Risk Based Prioritization of High
Production Volume Chemicals.
Chemical/Category:
Hexabromocyclododecane (HBCQ.S.
EPA, 2003

EPA, OCSPP, OPPT

Hexabromocyclododecane (HBCD) Actior
Plan(U.S. EPA, 201D

EPA, OCSPP, OPPT

Flame Retardant Alternatives for
Hexabromocyclododecane (HBCQJ.S.
EPA, 2014a

EPA, OCSPP, OPPT

Toxic Chemical Work PlaRroblem
Formulation and Initial Assessment for
HBCD, Cyclic Aliphatic Bromides Cluster
(U.S. EPA, 2015c

Other U.S-based organizations

Consumer Produ@afety Commission (CPSC)

CPSC Staff Exposure and Risk Assessme

Flame Retardarthemicals in Residential

Upholstered Furnitur@€CPSC, 2001

National Research Council

National Academy of Sciences Report:
Toxicological Risks of Selected Flame
Retardant Chemica(®&RC, 2000

International

Organisation for Economic Gaoperation and
Development (OECD)Screening Information Data Se
(SIDS)

OECD SIDS Initial Assessment Profile
(SIAP) (OECD, 2007b

European CommissiafeC), European Chemicals
Bureau

European Union Risk Assessment Report
Hexabromocyclododecane CASRN 25637
99-4. EINECS No: 2471484 (EINECS,
2008

United Nations Environment Programme (UNEP);
Stockholm Convention on Persistent Organic Pollute
(POPs)

Hexabromocyclododecane Draft Risk Prof
(UNEP, 2010

Hexabromocyclododecane Risk Managen

Evaluation (2011JUNEP, 201}
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https://www.epa.gov/sites/production/files/2015-09/documents/hbcd_problem_formulation.pdf
https://www.epa.gov/sites/production/files/2015-09/documents/hbcd_problem_formulation.pdf
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3809277
https://www.researchgate.net/publication/279061658_CPSC_Staff_Exposure_and_Risk_Assessment_of_Flame_Retardant_Chemicals_in_Residential_Upholstered_Furniture
https://www.researchgate.net/publication/279061658_CPSC_Staff_Exposure_and_Risk_Assessment_of_Flame_Retardant_Chemicals_in_Residential_Upholstered_Furniture
https://www.researchgate.net/publication/279061658_CPSC_Staff_Exposure_and_Risk_Assessment_of_Flame_Retardant_Chemicals_in_Residential_Upholstered_Furniture
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3809392
http://hero.epa.gov/index.cfm?action=search.view&reference_id=758698
http://www.oecd.org/chemicalsafety/risk-management/42073463.pdfhttp:/www.oecd.org/chemicalsafety/risk-management/42073463.pdf
http://www.oecd.org/chemicalsafety/risk-management/42073463.pdfhttp:/www.oecd.org/chemicalsafety/risk-management/42073463.pdf
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3809146
https://echa.europa.eu/documents/10162/661bff17-dc0a-4475-9758-40bdd6198f82
https://echa.europa.eu/documents/10162/661bff17-dc0a-4475-9758-40bdd6198f82
https://echa.europa.eu/documents/10162/661bff17-dc0a-4475-9758-40bdd6198f82
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1443914
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http://chm.pops.int/Default.aspx?tabid=2301
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http://chm.pops.int/Default.aspx?tabid=2301
http://chm.pops.int/Default.aspx?tabid=2301
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4143664

Authoring Organization Assessment

Environment Canada and Health Canada Draft Screening Assessment of
Hexabromocyclododecar{Environment
Canada, 2071

Australian Government Department of Health, Nasibi Priority Existing Chemical Asssment
Industrial Chemicals Notification and Assessment |Report, Hexabromocyclododecane
Scheme (NICNAS) (NICNAS, 2012

1.3 Data and Information Collection

EPA/OPPT generally appliessgistematic revieyrocess and workflow that includes: (1) data
collection (2) data evaluatigrand (3) data integratioof the scientific data used in rislssessmest
developed under TSCAadaentific analysis is often iterative in nature as new knowledge is obtained.
Hence, EPA/OPPT expects that multiple refinemesgsrding data collectionill occur during the
process of risk evaluatioAdditional information that may be considered and was not part of the
comprehensive bibliographies will be documented in the Draft Risk Evaluation for HBCD.

Data Collection: Data Search

EPA/OPPT conducted chemiespecific searches for information on: physical and chemical properties;
environmental fate and transport; conditions of use information; environna@atflumarexposures,
including potentially exposear susceptible subpopulatis;andecological hazardndhuman health
hazard, including potentially exposedsusceptible subpopulations.

EPA/OPPT designed its initial data search to be broad enough to capture a comprehensive set of sources
containing data and/or information potilly relevant to the risk evaluation. Generally, the search was

not limited by date and was conducted on a wide range of data sources, including but not limited to:
peerreviewed literature and gray literature (e.g., publeailable industry reportlade association
resources, government reports). When available, EPA/OPPT relied on the search strategies from recent
assessments, such as EPA Integrated Risk Information System (IRIS) assessments and the National
Toxi col ogy P Repgtoa@admmgerisid idehiify relevant references and supplemented
these searches to identify relevant information published after the end date of the previous search to
capture more recent literatugtrategy for Conducting Literature Searches for HBCD: Suppiéhe

File for the TSCA Scope DocumébPA-HQ-OPPT20160735 provides details about the data sources

and search terms that were used inliteeaturesearch.

Data Collection: Daa Screening

Following the data search, references were screened and categorized using selection criteria outlined in
Strategy for Conducting Literature Searches for HBCD: Supplemental File for the TSCA Scope
Documen{EPA-HQ-OPPT20160735 (U.S. EPA, 2017). Titles and abstracts were screened against

the criteria as a first step with the goal of identifying a smaller subset of the relevant data to move into
the subsequent dagxtraction and data evaluation steps. Prior totéaxt review, EPA/OPPT anticipates
refinements to the search and screening strategies, as informed by an evaluation of the performance of
the initial title/abstract screening and categorization process.

The categorization scheme (or tagging structure) used for data screening varies by scientific discipline
(i.e., physical and chemical properties; environmental fate and transport; chemical use/conditions of use
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information; environmental exposures, humapasures, including potentially exposadsusceptible
subpopulationgdentified by virtue of greater exposutreiman health hazard, including potentially
exposedr susceptible subpopulatiordentified by virtue of greater susceptibility; aadological

hazard. However within each data set, there are two broad categories or data tagsigfp)c

references or ()ff-topic referencesOn-topic references are those that may contain data and/or
information relevant to the risk evaluationff-@pic references are those that do not appear to contain
data or information relevant to the risk evaluatibhne supplemental documeftrategy for Conducting
Literature Searches for HBCD: Supplemental File for the TSCA Scope DoolrRénti Q-OPP T
20160735 (U.S. EPA, 2017 discusses the inclusion and exclusion criteria that EPA/OPPT used to
categorize references as-topic or off-topic.

Additional data screening using soategories (or sutags) was also performed to facilitate further
sorting of data/informationfor example, identifying references by source type (e.g., published peer
reviewed journal article, governmiereport); data type (e.g., primary data, review article); human health
hazard (e.qg., liver toxicity, cancer, reproductive toxicity); or chensipatific and usspecific data or
information. These subategories are describedStrategy for Conductingiterature Searches for

HBCD: Supplemental File for the TSCA Scope Docurfient-HO-OPPT20160735 (U.S. EPA,

20171%) and will be used to organize the different streantatdduring the stages of data evaluation

and data integration steps of systematic review.

Results of the initial sech and categorization results can be found itHBED (CASRN 2563%9-4,

319455-6, 319457-8) Bibliography: Supplemental File for the TSCA Scope Docu(aé-HO-
OPPTF20160735. This document provides a comprehensive list (bibliography) of the sources of data
identified by the initial search and the initial categorizatiorofetopic referencesndoff-topic
referencesBecause systematic review is an iterative process, EPA/@R#ects that some references

may move from then-topic to theoff-topic categories, and vice versa. Moreover, targeted supplemental
searches may also be conducted to address specific needs for the analysis phase (e.g., to locate specific
data needed fanodeling); hence, additionah-topic references not initially identified in the initial

search may be identified as the systematic review process proceeds.

1.4 Data ScreeningDuring Problem Formulation

EPA/OPPT is in the process of completing the full text screening ointhapic references identified in

the HBCD (CASRN 2563994, 319455-6, 319457-8) Bibliography: Supplemental File for the TSCA

Scope Documenthe screening process at the figikt levelis describedn the Application of

Systematic Review in TSCA Risk Evaluat{@hS. EPA, 2018 Appendix Eprovides the inclusion and
exclusion criteria applied at the full text scregnifihe eligibility criteria are guided by the analytical
consideratioain the revised conceptual models and analysis plan, as didandbe problem

formulation document. Thus, it is expected tinat number of data/information soureasgering

evaluaton is reduced to those that are relevant to address the technical approach and issues described in
the analysis plan of this document.

Following the screening process, the quality of the inclut#td/information sourcesill be assessed
using the evaluation strategies that are described ighkcation of Systematic Review in TSCA Risk
EvaluationgU.S. EPA, 2018
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2 PROBLEM FORMULATION

As required by TSCA, the scope of the risk evaluation identifies the conditions of use, hazards,
exposures andgpentially exposed or susceptible subpopulations that the Administrator expects to
consider. To communicate and visually convey the relationships betweeadhgsenents, EPA

included in the scope documenlife cycle diagram and conceptual models thegatibe the actual or
potentialrelationships betweddBCD and human and ecological receptdsaring the problem

formulation EPA revised the conceptual models based on further data gathering and aamalysis
presented in thiproblemformulation documentAn updatedanalysis plan is also included which
identifies, to the extent feasible, the approaches and methods that EPA may use to assess exposure
effects (hazards) and risknder the conditions afse forHBCD.

2.1 Physicaland Chemical Properties

Physicaichemical properties influence the environmental behavior and the toxic properties of a
chemical, thereby informing the potential conditions of use, exposure pathways and routes and hazards
thatEPA intends to consider. For scope development, EfP8idered the measured or estimated
physicalchemical propertieset forthin Table2-1 and EPA found no additional information during

problem formulabn that would change these values.

HBCD is a white odorless nerolatile solidthatis used as a flame retardant. Technical HBCD is often
characterized as a mixture of mainly three diastereomers, which differ only in the spatial disposition of
the atomsCommercialgrade HBCD may contain some impurities, such as tetrabromocyclododecene or
other isomeric HBCDSUNEP, 201(), which are not separately included in this scdjpe density of

HBCD is greater than that of water (2@/cn? at 20°C). It has lowwatersolubility (66 g / LO°Q)t 2
and a log octanol:water partition coefficieldg Kow) of 5.62.

Table 2-1. Physical and Chemical Properties oHBCD

Property Value 2 References
Molecular brmula Ci12H18Brs
Molecularweight 6417 g/mole
Physical form White solid; odorless EINECS (2008)
Melting point Ranges from approximately: |EINECS (2008)

172-184°C to 201205°C

Boiling point >190°C (decomposes) EINECS (2008)
Density 2.24g/cn? EINECS (2008)
Vapor pressure 4. 7607 mmHg at 21°C EINECS (2008)
Vapor density Not readily available EINECS (2008)
Watersolubility 66 ug/L at 20°C EINECS (2008)
Octanol:water partition 5.625at 25°C EINECS (2008)
coefficient (bg Kow)
Henrydés Law c 0|7.4E06atmm¥mole(estimated]U.S. EPA (2012b)
Flash point Not readily available EINECS (2008)
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Property Value @ References
Autoflammability Decomposes at >190°C EINECS (2008)
Viscosity Not readily available EINECS (2008)
Refractive index Not readily available EINECS (2008)
Dielectric constant Not readily available EINECS (2008)
a@Measured unless otherwise nated

2.2 Conditions of Use

TSCA A 3(4) defines the con ddetermined Bythe Administratoras 06 6
under which a chemical substance is intended, known, or reasonably foreseen to be manufactured,
processed, distributed in commerce, used, or di

2.2.1 Data and Information Sources

In thescopedocuments, EPA identifte based on reasonably available information, the conditions of
use for the subject chemicals. EPA searched a number of available data @grgése and Market
Profile for HBCD, EPA-HQ-OPPTF20160735. Based on this search, EPA published a preliminary list
of information and sources related to chemical conditions of us@{skminary Information on
Manufaduring, Processing, Distribution, Use, and Disposal: HBEIPA-HQ-OPPTF201607350003
prior to a February 2017 public meeting on scoping efforts for risk evaluation corteeswutit

comment and input from the public. ERsoconvened meetings with companies, industry groups,
chemical users and other stakeholders to aid in identifying conditions of use and verifying conditions of
use identified by EPA. The information aimgut received from the publistakeholder meetings and

the additional contactsasincorporated intahis problem formulatiorio the extent appropriatThus,

EPA believes the manufacture, processing, distribution, use and disposal activities comstitute
intended, knownand reasonably foreseen activi@ssociated with the subject cheal, based on
reasonably available information.

2.2.2 ldentification of Conditions of Use

To determine the conditions of use of HB@Bd inverselyactivities that do nagualify as conditions of
use,EPA conducted extensive research and outteBlal includlecE PAG6s revi ew of publ
and online databases includitige most recent data available frathS. Consumer Product Safety
Commission (CPSC), CPSC stakpesure and risk assessment of flame retardant chemicals in
residenti al uphol stered furniture, 2001; Nati on
Dat abase; EPAOGOs Chemical/ Product Categorical Da
fr o m EChé&ndical Data Reporting program (CDR); Safety Data Sheets (SDSs); European Chemical
Agency (ECHA) reports; United Nations Eronment Program (UNEP) reportsPA also conducted

online research brgeviewing company websites of potential manufacturers, importers, distributors,
retailers, or other users of HBCD and queried government and commercial trade databases. EPA also
received comment&PA-HQ-OPPT20160735 on theScope of the Risk Evaluation for HBQD.S.

EPA, 20173hat were used to determine the current conditions of use. In addition, EPA convened
meetings and personal communications with companies, industry groups, chemical users, states,
environmental groups, federal agencies, and other stakeholders to aid in identifying conditions of use

and verifying conditions of use identified by EPA. Those meetings incladedbruary 14, 2017 public

meeting with such entitigEPA-HQ-OPPT20160735 in addition to meeting withAdhesives and
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Sealants Council, American Chemistry Council, Alliance of Automobile Manufactéeseciation of
Global Automakers, Motor and Equipment Maaetirers Associatiodusiness and Institutional
Furniture Manufacturer's Associatidbdpnsumer Specialty Products Association, Duke University
Faculty, DesigrChain,Eagle Performance ProducEcology Center, EPS Industry Alliance, Green
Policy Institute Motor & Equipment Manufacturers Association, National Council of Textile
Organizations, Plastics Industry Association, XPS Association, and others.

EPA has removed from the risk evaluatanyactivities that EPA concluded do not constitute

conditionsof usei for example, because EPA has insufficient information to find certain activities are
circumstances under which the chemical i's actua
manufactured, processed, distributed in commercd, osalispg e d of . 0 EPA has al s
conditions of use that EPA does rapectto include in the risk evaluatioAs explained in the final

rule for Procedures for Chemical Risk EvaloatlUnder the Amended Toxic Substances Control Act,

TSCA section 6(b¥)(D) requires EPA to identify "thieazards, exposurespnditions of useand the

potentially exposed or susceptible subpopulattbesAdministratorexpects to considein a risk

evaluation, suggesting that EPA may exclude certain activities that EPdetexrmined to be conditions

of use on a casky-case basig82 FR 33736, 33729uly 20, 2017).For example, EPA may exclude
conditions of use that the Agency has sufficient basis to conclude would present only de minimis
exposures or otherwise insifjoant risks (such as use in a closed system that effectively precludes
exposure ouseas an intermediate).

The activities that EPA no longer believes are conditions obusereotherwiseexcluded during
problem formulation are described in Sectib®.2.1 The conditions of use included in the scope of the
risk evaluation are summarized in SectibR.2.2

2.2.2.1 Categories and Subcategorie®etermined not to be Conditions of Use
or Otherwise ExcludedDuring Problem Formulation

Domestic Manufacture of HBCD

Domestic manufacture of HBCD has ceadgamestic manufacture of HBCD is niatended, known,

or reasonably foreseen and is thereforecoosidered a condition of use under which EPA will evaluate
HBCD.

U.S. manufacturers haviadicated complete replacement of HBCD in their product I{peS. EPA,
20179 and that use of stockpiles and exportation was completed in @0f¥munication with
Chemtura (LanxesSolutions, U$indicatesthat e company has natanufacturd HBCD since 2015,
and that there are cunmty no U.S. manufacturef the chemicalLANXESS, 2017). The company
doesnotintend to manufacture, import, or export HB@Dthe future andhas no existing stockpiles
(LANXESS, 2017 AlbemarleCorporation, another historic manufacturer of HB@idjcated that
they stopped manufacturing HBCD flame retardants around &@ddo not intend to resume the
manufacturef HBCD-based flame retardantis 2017 Albemarle exported its entire inventory of
approximately 57 metric tons (MDY HBCD to Mexico and Turkey for use in construction (EPS/XPS)
applicationgAlbemarle, 2017p Albemarle does not intend to import HBCD in the futi&ibbemarle,
20173.
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Domestic Manufacture of EPSResin andXPS Masterbatch

In the past, the process for making insulation with HBCD included an intermediate step of resin
manufacture. A small group of EPS and XPS resin manufacturers purchased HBCLii¢adlgnes
manufactured or imported) and combined it with polystyrene and other ingredients to produce resin.
Separate facilities used the resin to make foam insulation products for constiDotiwgstic
manufacturers of EP&d XPSesinhave phased out these of HBCD due to international bans and the
availability of alternative flame retardant$ie EPS Industry AlliancéEPSIA) which represents all

major North American manufacturdiacluding Canada and Mexicoj EPSresin reports that its
members hae phased oudf the use oHBCD in the production of EPS resins (Public commERtA-
HQ-OPPTF201607350026. Similar to the EPS resin industry, major producers of XRSterbatch

have fully transitioned out of using HBOQBIPSA, 20174.

Use in High Impact Polystyrene (HIPS)

Use ofHBCD in High Impact Polystgne (HIPs) appears to have ceased and EPA does not leigeve
use is intended, known, cgasonably foreseen. Therefore, use of HBCD in HIPS is not considered a
condition of use under which EPA will evalud8CD.

HBCD wasusedas a flame retardant HIPS in electronic componentBhe most recent information
showing usein both the United States and EuropeiBCD as a flame retardant in HIPS for electrical
and electronic appliances, such as awisoial equipment, refrigerator lining and some veinel cable
applicationsvas based on a 2009 dataurce(ECHA, 2009k Morose, 2006p Use in television sets at
that time was the predominant application of H{R&il and Levchik, 2000 EPA6s recent r e
outreach did not yield data showing curras¢ of HBCD in HIPSor electrical and eleatnic
applianceg¢Design Chain Associates, 2017

The Australian Department of Health and Aging régadin 2012 that minimal amounts of HBCD were
imported into Australia already incorporated into various articles, such as inkjet printers, projectors,
scanners, ventilation units for offices, compact fluorescent lights and-tgysthl display (LCD) digital
audiovisual system@ICNAS, 20123. Similar current uses of HBCD in electronic articles or import of
those articles it the U.S. hvenot been found.

The use of HBCD in electronic equipment is legacy and therefore disposal of HBCD containing HIPS is
also considered legacy (associated dispoB#&gtronic products (which may or may not contain

HBCD) canbe recycled an#lIPS materials constitute more than half the plastic materials recovered

from household electroni¢®orchardt, 2006 However, 1 informaton was identified thatonfirms use

of HBCD in recycled HIPS for the purposes of flame retardaBPy, thereforedoes not believéhat

this usas intended, known, areasonably foreseeandis not a condition of us®r HBCD. Nor is there
informationthat the recycling (i.e., processing) of HIPS containing HBCD is done to retrieve the HBCD
or to otherwise use the flame retardant properties of HBCD. Therefore, EPA believes the manufacturing,
processing, or distribution in commerce for use of HBCD #anaef retardant in HIPS is not intended,

known, or reasonably foreseen and is not a condition of use of HBCD

Use in Textiles

In the United States, HBCD was historically used as a flame retandduat back coating of textiles.
Use in this application was quite small; in 2005, manufacturers reported % of HBCD was used in
textiles in the United States and only for commercial, not consuméuuseEPA, 2012e
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Use in Consumer TextileEPA found that a small amount of HBCD was being usedmnsumer

textiles i.e.,floor mats, headliners and possibly other interior fabrigaator vehiclesnade or

imported to the United States in 200J.S. EPA, 2012e Based on this information and the CDR
reporting in D05,EPA finalized a SNUR in 2018).S. EPA, 2015pwhich requires paons who intend

to manufacture (including import) or process HBCD for use in consumer textiles (other than for use in
motor vehicles) to notify EPA at least 90 days before commencing that activity. EPA has received no
notifications since the rule becaméeetive in late2012 and therefore does not expect HBCD to be

used insuchconsumer textiledArticles containing HBCDhat weremanufacturegbrior to the effective
dateof the SNUR night continue to be in service.

Information from industry indicatesahHBCD is no longer used in textiles in motor vehi¢l&lgance
of Automobile Manufacturers, 20)8ndEPA does not believine useas intended, known, or
reasonably foreseemherefore usein textilesin motor vehicless not a condition of use under which
EPAwill evaluate HBCD.

From June 2012 to March 2017, andblamkets waself-eefportedd BCD i
44 times by manufacturers and retailers to Washington Staterstate law (Public commegi? A-
HQ-OPPTF201607350029. The forty-four repors are associated with consumer textiles which are
expected to have been covered by the SNUR. EPA, 2015) and therefore may reflect textiles

produced priord 2015 The textile products were reported with practical quantitation levels (PQL) of

less than 100 parts per million (ppm). EPA further assabgediateand concluded that none of the

products appear tontainintentionallyadded HBCD.

Information géhered from research, industry and consumer product organizations has led EPA to
believe that HBCD is no longer used in consumer textdesrent use in consumer textiles has not been
confirmed and EPA does not believe ikiown, intended, areasonably foreseen. Therefouse in
consumer textiles is not a condition of use under which EPA will evaluate HBCD

Use in Commercial Textile€PA received information in 2011 from a group of textile formulators that
the end uses of HBGDontaining éxtiles are for military, institutional and aviation applications, such as
durable carpet tiles for hospitals or pris@usS. EPA, 2012¢eFriddle, 201). By 2017, HBCD use in
thesetextile applicatiors appeared to be phasing @atiddle, 2017. The U.S. Department of Defense
found no direct use of HBCRUnderwood, 201). According to the National Council of Textile
Organizations, HBCD has not been used in textiles for more than a Ecadke, 201). Current use in
commercial textiles could not been confirmed, but EPA concludes that based on the infoabmatmn
HBCD use in these textiles is natended, known, areasonably foreseefherefore, use in
commerciakextiles is not a condition of use under which EPA will evaluate HBCD.

Use inAdhesives

Use of HBCD in adhesives was one of several mincs usduded in thédBCD ScopeDocument,

however further research couldt confirmcurrentuse in adhesive®uring Problem Formulation, EPA

found thathe Henkel company manufactdre pressure sensitive adhesoamtaining HBCD for use in

flexible air duct core under the product name Aquence AV 7584 Bdack or di ng t o t he ¢«
website and product Safety Data Shé&tnkel Corp, 201)/ However, a of January 2018ierson,

2019, EPA has learned that tciempany will no longer use HBCD in their product line and does not

have a current supply of HBCD to draw from. EPA could find no evidence of ongoing manufacture,
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processing or distribution of adhesives using HBCD. Therefore, adhesives are not included as
condition of use for which EPA will evaluate HBCD.

Use inAutomotive Sector
Use of HBCD in the automotive sector was not reported in the 2012/2016 CDR or 2006 IUR datasets.

EPA receivd a public commentrom the Global Automakers Associatistatingthati o ur me mber s
have not identified any ongoing uses HBCD] in the manufacturef new vehicles. However, [HBCD]

has been and currenilybeing used in the manufacturereplacement parnly i replacement parts
designedprior tothedate @ the publication of theePA HBCD Scoping DocumemifPublic comment,
EPA-HQ-OPPT201607350027.

The Motor and Equipment Manufacturéyssociatiorreports that HBCiis na usedduringthe
manufacturing process of any automotive componémifisrmation from our members submitted in
2015also indicated ihad nearly phased out completely the use of HBGOOr data indicates HBCD is
p h as e (PubticccomimentzPA-HO-OPPT201607350019).

In a public comment on the Use Document, however, the Alliance of Automotive Manufacturers wrote:
AOur members have i ndi catussdldurtngthewasto mahuéadttuririglprocess.c h e
HBCD has been aggressively phased out by the auto industry over the past several years. However, the
chemical may still be used by some automakers as a flame retardant in coatings of certain components
(e.g., dakboards and headliners) and in solder paste in interior components (e.g., circuits). This
chemical may al so be present |iHPAHQOPEB2016¢&35> and f
0015. Specifics on these uses by roaember companies could not be verified.

Based on the information provided above, EPA concludes that use of HBCD in the manufacture of new
automobiles is not occurrin®).S. EPA, 20172012d 20061). Therefore, theise of HBCD in

manufacture of new automobilesnist intended, known, or reasonably foreseen and therefoot &
condition of use under which EPA will evaluate HBGIitomotive replacement parts, however, are
considered a condition of use and will be included within the scope of thevaklkationbased on the
information provided above.

Other Uses

In order to deermine whether other uses exist and to what extent, EPA reviewed state databases, product
testing results and information from foreign countriesaddition to the literature search and contacts

with industry groups

Detections of HBCD in childrends prDepdrtmeritsf repor
Ecology (WSDE)ncludethreepr oduct s | i sted as Atoy/ games var.
car/booster seat. The HBCD was found in surface coatingsayhers. One toy product and the car

seat were reported to hapeactical quantitation limitsRQL9o f fiequ a l to or great e
than 5000 ppnd.As this data is selfeported to the \BDE state database, more specific information

regarding tke contaminant test methodologies, tested components, or prevalence of HBCD in the
productsnformation could not be verifte TheWSDE tested for flame retardants in a set of 169 general

and consumer products purchased between August 2012 and Augusto201d&chl stores in the south

Puget Sound area and online retaileiBCD was detected in two of the products: in the polystyrene of

a childbébs bean bag chair at a conc ewrkglogetai on of
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4.4%(WSDE, 2013. WSDE notedn a 2015 report to thé&/ashington state legislature that these test
resultsshoweh BCD at percent | evels but concluded: ATE
chil drenb6és products and furniture at | evels con
E c o | dypg:/dortress.wa.gov/ecy/publications/documents/1404047 BRA followed up with the

supplier of theCarbon Xbrand of workglovethat WSDE had tested in 202213. The company

provided documentation that HBCD is not used in four varieties of the Carbon X work(iglezeanix

Wear, 2013 EPA concludes thaither usesirenotintended, known, or reasably foreseen and are not
considerecatonditiors of use under which EPA will evaluate HBCD

EPA has concluded that legacy uses of HBG&udeadhesivestextiles (including upholstery fabric,
floor mats and headliners in automobiles, aothmercialuse3 and dectronics analectricalproducts

EPA has concluded that the followiage notconditions of usecoatings,soldesch i | dr end6s pr od
including toysandcar seatsfurniture(such as bean bag chairs

Beyond the uses identified in tBeope othe Risk Evaluation for HBCPEPA has received no
additional information identifying additional current conditions of use for HBCD from public comment
and stakeholder meetings.

Table 2-2. Categories and SubategoriesDetermined not to be Conditions of User Otherwise
Excluded During Problem Formulation

Life Cycle Stage Category? Subcategory References
Manufacture Domestic manufactur¢ Domestic manufacture |U.S. EPA (2016b)
Processing Processing as a Intermediate for all other|U.S. EPA (2016Db)

reactant/ intermediate|basic inorganic chemical
manufacturing

Processing Flame retardants used inUse DocumentzPA-HO-
incorporated into plastic material and resi OPPTF201607350003
formulation, mixture ojmanufacturing (e.g., EINECS (2008)Market
reaction product manufacture of EPS resi|Profile, EPAHQ-OPPT2016
beads) 0735
Processing Flame retardants used inUse DocumentzPA-HO-
incorporated into paints and coatings OPPTF201607350003
formulation, mixture o{manufacturing (e.g., Market Profile EPA-HQ-
reaction product micronisation and OPPT20160735 EINECS

formulation of polymer 2008
based dispersions for
textile coatings).

Processing Flame retardants used irPublic CommentzPA-HO-

incorporated into adhesive manufacturing | OPPF201607350008

formulation, mixture of(e.g., manufacture of ~ |Public CommentEPA-HQ-

reaction product solder paste and other |QPPF201607350015
adhesives)

Incorporated into artic|Flame retardants used irflUse DocumentzPA-HQ-
plastics product OPPT-201607350003
manufacturing Market PrOﬁle,M
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Life Cycle Stage

Category?

Subcategory

References

(manufacture of HIPS;
manufacture of electroni
articlesy

OPPT20160735 U.S. EPA
(2014b)

Incorporated into artic

Flame retardants used in
textiles, apparel and
leather manufacturing
(e.g., coatings used at
textile and fabric finishing
mills, fabric coating mills
and carpet andig millsy

Use DocumentzPA-HO-
OPPTF201607350003 U.S.

EPA (2014b)

Incorporated into artic

Flame retardants used ir
transportation equipmen
manufacturing (e.g.,
manufacture of interior
components in
automobiles, including
fabrics, coatingssolder
paste, adhesives and
foams)’

Use DocumentzPA-HO-
OPPT201607350003
Market Profile, EPA-HO-
OPPT20160735 Public
CommentEPA-HO-OPPTF
201607350015

Processing

Recycling

Recycling of Products ar
Articles Containing
HBCD for applications
that do nohave
intentional flame
retardancy

Commercial/consum
Use

Electrical and
electronic products

Plastic articles (soft) (e.g
wire and cable)

Use DocumentzPA-HO-
OPPT-201607350003
Market Profile, EPA-HO-
OPPT20160735 U.S. EPA
(2016b)

Plastic articles (hard) (e.
distribution boxes, audio
visual equipment;
refrigerator lining;
computers; Inkjet
printers/scanners)

Use DocumentzPA-HO-
OPPT-201607350003
Market Profile, EPA-HO-
OPPT20160735 U.S. EPA

(2016b)

Adhesives

Adhesives (e.g., ductwor

(Henkel Corp, 201)/
(Pierson, 2018

Floor coverings

Fabrics, textiles and
apparel (e.g., carpets an
rugs)

Use DocumentEPA-HO-
OPPT-201607350003

Furniture and
furnishings

Fabrics, textiles and
apparel: Furniture and
furnishings, including
furniture coverings (e.g.,

institutional furniture)

Use DocumentzPA-HO-
OPPT201607350003
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Life Cycle Stage Category? Subcategory References
Fabric, textile and Fabrics, textiles and Use DocumentzPA-HO-

leather product$ apparel (e.g., interior |OPPF201607350003
fabrics for automobiles) |Market Profile EPA-HO-
OPPT-20160735
Fabric, textile and Textile finishing and Use DocumentzPA-HO-
leather product$ impregnating/surface  |OPPTF201607350003;

treatment products (e.g.,Public CommentEPA-HQ-

other textile products) |OPPF201607350022
Public CommentEPA-HO-

OPPT201607350008
Commercial/consum|Other use% Other (e.g., toys and Use DocumentzPA-HQ-
Use games, car seats, toys a|OPPTF201607350003
toy vehicles) Market Profile, EPA-HO-

OPPT20160735 Public
CommentEPA-HQ-OPPT
201607350022 Public
CommentEPA-HQ-OPPT
201607350008 Public
CommentEPA-HQ-OPPT
201607350015 EPA-HO-
OPPT201607350015
WSDE (2017)

Note: This table presents categories and subcategoradivitiesthat are based on the 2016 CDR

industrial function category and industrial sector descriptions and the OECD product and article

category descriptions for the HBCD uses identified. Ctaifon on the subcategories of use from t

listed data sources are provided in parentheses.

4These categories attivitiesappear in the Life Cycle Diagram, reflect CDR codes and broadly
represenactivitiesin industrial and/or consumer settings.

bThese subcategories reflect more specific uses of HBCD.

€2015 SNURJU.S. EPA, 2013éEPA requires 9@ay notification before manufacture or processir
HBCD in consumer textiles, except those used in motor vehicles.

d Historically have been used.

Ot her uses i n EPA®@.S. EWsg 20k7pwere Renfifiedrfrom f@dlgh tudies a
product testing results, reporting by manufacturers to the state of Washington, and other sour
the uses in other countries, it is uncertain whether similar U.S. products contain HBCD. In son
articles, HBCD is present but may nwive been intentionally used.

2.2.2.2 Categories and Subcategories of Conditions of Use Included in the
Scope of the Risk Evaluation

Table2-3 summarizes each life cycle stage and the corresponding categories and subcategories of

conditions of use for HBCD that ER&xpects to consider in the risk evaluatitising the 2016 CDR,

EPAidentified industrial processing or use activities, industrial function categories and commercial use
product categories. EPA identified the subcategories by supplementing CDR data with other published
literature and information obtained through stakehotd@sultations. For risk evaluations, EPA intends
to consider each life cycle stage (and corresponding use categories and subcategories) and assess

relevant potential sources of release and human exposure associated with that life cycle stage.

Page26of 115


https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0735-0003
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0735-0003
https://www.regulations.gov/docket?D=EPA-HQ-OPPT-2016-0735
https://www.regulations.gov/docket?D=EPA-HQ-OPPT-2016-0735
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0735-0003
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0735-0003
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0735-0022
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0735-0022
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0735-0008
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0735-0008
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0735-0003
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0735-0003
https://www.regulations.gov/docket?D=EPA-HQ-OPPT-2016-0735
https://www.regulations.gov/docket?D=EPA-HQ-OPPT-2016-0735
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0735-0022
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0735-0022
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0735-0008
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0735-0008
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0735-0015
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0735-0015
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0735-0015
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0735-0015
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4154228
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3827344
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3833310

Automotive Replacement Parts

EPA receivd a public commenfrom the Global Automakers Associatistating that HBCD is no

longer used imewautomobile manufacturing and is only present in replacement parts manufactured
prior to date of the EPA HBCD Scoping Documerilflic commentEPA-HQ-OPPTF20160735%

0027. Major automobile manufacturers have phased out use of HBCD in U.S. production but continue
to use it ina fewreplacement parts, according to information provided to EPA by the All@nce
Automotive Manufacturersince publication of thelBCD Scope DocumédnManufacturers identified
three replacement parts containing HBCD, treeabsorbers (front roof rail energy) and two types of
insulator panelgAlliance of Automobile Manufacturers, 201&EPA assumes #tHBCD in these
replacemenparts isincorporated into EPS and XPS based on CDR reporting that showed the vast
majority of use of HBCD was for EPS and XPS. For the risk evaluation, EPA will try to obtain more
spedfic information on the tree replacement parts, including whether they are domestically
manufactured or imported, what materials incorporate the HBCD, and volumes used.

Expanded Polystyrene (EPS) and Extruded Polystyrene (XPS) Foam

fiBuilding/Construction Materiats i n c | «td @entginmg@HBCD as a flame retardant primarily in
XPS and EPS foam insulation products #@rat used for the construction of residential, public,
commercial or other structur@SNEP, 2010 Weil and Levchik, 2009

Use in EPS and XPS foam hadcounted for 95% of all HBCD applications in the past de@ade

EPA, 2014aUNEP, 2010. Based on information from market repditsS. EPA, 2017 HBCD is

used primarily in constructiomaterials which may include structural insulated panels (SIF8¢

building and construction industry ueEBS and XPS foam thermal insulation boards and laminates for
sheathing products. EPS foam prevents freezing, provides a stable fill materiaated bigkstrength
composites in construction applications. XPS foam board is used mainly for roofing applications and
architectural molding. HBCD is used in both types of foams because it is highly effective at levels less
than 1% and, therefore, maimaithe insulation properties of EPS and XPS fd&iarose, 2006p EPS
foam boards contain approximately 0.5% HBCD by weight in the final product and XPS foam boards
contain 0.51% HBCD by weight Public commentEPA-HO-OPPTF201607350017) (XPSA, 2017k

U.S. EPA, 2014aMiorose, 2006)

According to the EP$A, anestimated 8@5%of EPS rigid foam insulation amufactured ithe United
Statess molded fromEPS resinsupplied by EPSA member companiesione of which use HBCD
(EPS Industry Alliance, 20}7

The XPS Association (XPSA) stated that its members, which are the major producers of XPS resin,
supply the resin fomore tharB5% of the XPS foam insulation products manufactured foNtréh
Americanmarketand thathe remainingsmall percentagés probably madesingimported resin

(XPSA, 2017 An intermediate step in manufacture of XPS foam insulation, compounding of
masterbatch, imwhich HBCD, resins, and other chemicals are processed is descritygpeandix B

Some companies reuse EPS and XPS insulation. See discussiomdexycling d EPS and XPS
foam.

EPAIis includingtheuseof HBCD in XPS and EPS insulation using imported HB@DRhe risk
evaluationThere is gotential forimport of HBCD for use in the manufacture BPS andXPSfoam
insulation Taking into account thieigh percentage of HBCD production wohe dedicated to these two
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uses in previous years and the fact that smaller EPS and XPS manufacayieescurrenty usng
importedHBCD resin EPAis including the processing and use of HBCD in XPS and EPS insulation
andimport of HBCD resin in the risk evaluation.

Recycling ofEPS and XPS foam

To date, little is known by EPA about the recycling=6fS and XP$roducts containing HBCD.
Schlummer et alSchlummer et al., 20} hotes thaEPS and XPS foam in construction insulation
materials g rarely recycled for numerous reaspincluding that insulation waste is typically not
separated from mixed waste stream and most insulation containing HBCD is still ifSalalkcenmer et
al. (Schlummer et al., 20) describe technologies available only on a small soadeparate HBCD
from insulation paneland recycle polystyrene.

Reuse and wycling is available in the United States for consumers through removal of insulation during
re-roofing projects. Two companies were identified that directly reuse (e.g., reuse without reforming)
and recycle (e.g., melting and inserting into the manufacfyarocessXPS and EPS foam insulation.

Gr een | n shitp:/atvw.goeaninGiratongmup.com/products/
A Nationwi de Hep/matonRégmecdn/whgou-canrecycle.cfm

Nationwide Foam Recycling, which is owned by Coniglisrdustries, Inc., indicate that their plant
recycles all EPS insulation and reuses all XPS insulétioh. EPA, 2017}y Once processed, their

recycled EPS roofing insulation is taken to polystyrene product manufacturers, notably picture frame
manufacturers, mostly in China kalso indomestic marketd’he company also delivers recycled

roofing material to other local EPS recycling plants that may use different processes. Nationwide Foam
Recycling processes 90,000 pounds/year of EPS standard packaging and 10,000 pounds/year of EPS
roofing material and estimated that-20% of EPS roofing material is recycled nationally. The company
also reuses XPS roofing material due the special equipment needed to recycle XPS and indicated that
XPS is rarely recycled in the United States. It was ed@chthat the majority (>50%) of XPS roofing
material is sent to landfills or waste energy plants. Processing estimates for XPS materiadt

providedby the company

Disposal of Existing HBCD Products

Despite industry indicating that production of @B products is declining, there is a large of amount of
HBCD products still in use, particularly in construction materials. Eventually, buildings constructed
with HBCD-containing products will be either demolished or remodeled and the HBCD containing
prodwcts will need to be removed and either reused, disposed of or recycled.

Summary of Conditions of Use Included in the Risk Evaluation

Based on the information describedhis sectionEPA plans to analyze HBCD importation;

incorporation into formulation, mixture or reaction product (e.g. compoundinmgsterbatch XPS);
incorporation into articles (e.g. manufacture of EPS and XPS and the manufacture of structural insulated
panels from PS and XPS)lisposalrecycling; and the industrial, commercial and consumer use of

EPS and XPS in construction materials (e.g. insulation boards).
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Table 2-3. Categories and Subcategories of Conditions ofdgincluded in the Scope of the Risk

Evaluation
Life Cycle Stage Category? Subcategory References
Manufacture Import Import U.S. EPA (2016b)
Processing Processing Flame retardants used inEINECS (2008)
incorporated into custom compounding of
formulation, mixture |resin (e.g., compounding
or reaction product |in XPS masterbatch)
Incorporated into Flame retardants used inUse DocumentzPA-HQ-
article plastics product OPPT201607350003
manufacturing Market Profile EPA-HO-
(manufacture of XPS an{OPPT20160735 U.S. EPA
EPS foam; manufacture |(2014a)
structural insulated pane{(Alliance of Automobile
(SIPS)and automobile |Manufacturers, 2008
replacement partsom
XPS and EPS foam
Recycling Recycling ofXPS and  |Use DocumentzPA-HO-
EPS foamresin, panels |OPPT201607350003
containingHBCD
Distribution Distribution Distribution

Commercial/consume
Use

Building/construction
materials

Plastic articles (hard):
construction and building
materials covering large
surface areas (e.g.,

EPS/XPS foam insulatio
in residential, public and
commercial buildings, an
other structures)

Use DocumentzPA-HQ-
OPPT201607350003
U.S. EPA (2016Q)U.S.

EPA (2014a)

Other Automobile replacement|(Alliance of Automobile
parts Manufacturers, 2098
Disposal Disposal Other land disposdé.g. EINECS (2008)

Construction and Demolitid
Waste)

Note: This table presents categories and subcategories of conditions of use that are based on {
CDR industrial function category and industrial sector descriptions and the OECD product and
category descriptions for the HBCD uses identified. iG¢ation on the subcategories of use from tf
listed data sources are provided in parentheses.
aThese categories of conditions of use appear in the Life Cycle Diagram, reflect CDR codes an
broadly represent conditions of use of HBCD in industrial anziasumer settings.
®These subcategories reflect more specific uses of HBCD.
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2.2.2.3 Overview of Conditions of Useand Lifecycle Diagram
Thelife cycle diagram provideoh Figure2-1 depickthe conditions of use thate consideredithin
the scope of the risk evaluation during various life cycle stages including manufacturing, processing, use
(industrial, commercial, ahconsumer), distribution and disposatlditions or changes to the conditions
of use based on additional information gathered or analyzed during problem formulation are described in
Section2.2.2.1and2.2.2.2 The activities that EPA determined are out of scope during problem
formulation are not included ie life cycle diagramThe information is grouped according to
Chemical Data Reporting (CDR) processing codes and use categories (including functional use codes
for industrial uses and product categories for industrial, commercial and consumer useBRinmation
with other data sources (e.g., published literature and consultation with stakeholders) to provide an
overview of conditions of use. EPA notes that some subcategories of use may be grouped under multiple
CDR categories.

Use categoriesincludkeh e f ol | owi ng: Ai ndustri al useodo means
chemicals or mixtures are manufactured (includi
the use of a chemical or a mixtwrentaining a chemical (including as part of amcée} in a commercial
enterprise providing saleable goods or services
mixture containing a chemical (including as part of an article, such as furniture or clothing) when sold to
or made available to consurador their us€U.S. EPA, 2016p

To understand conditions of use relative to one another and associated potential exposures under those
conditions of use, the life cycle diagram includes the production volume associated with each stage of
the life cycle, as reported in the 2016 CDR repgrfU.S. EPA, 2016 However, the life cycle

diagram for HBCD does not incluggecificproduction volumes because the information wlasned
asconfidential business information (CBI).

The 2016 CDR reporting data for HBCD are provided@able2-4f r om EPAOGs (@R dat at
EPA, 2016h. This information has not changed from that provided irHBED Scope Document.

Table 2-4. Production Volume of HBCD in CDR Reporting Period (2012 to 2015)
Reporting Year 2012 2013 2014 2015

Total Aggregate CASRN 2563799-4 [1-10 million |1-10 million 1-10 million 1-10 million

Production Volume (Ib§CASRN 319455-6  [10-50 million |10-50 million  [1-10 million 1-10 million

aThe CDR data for the 2016 reporting periodvsilable via ChemViewh{tps://java.epa.gov/chemvi¢J.S. EPA, 2016p
Because of an ongoing CBI substantiation process required by amended TSCA, the CDR data avail&iBiD Swope
Documentis more specific than currently in ChemView.

HBCD Production Volume (Manufacture and Import)

Data reported for the CDR period for 2016 for HBCD indicate that between 1 and 10 million Ibs of each
CASRNweremanufactured in or imported into the United States in 2015)dtienalproduction

volume is CBI (U.S. EPA, 2016} For both CASRNSs, sitspecific production volumes ifaehe 2015

reporting year were withheld as TSCA CBI. Six firms comprised of nine sites are identified by the 2016
CDR as manufacturers or importers of HBCD: Chemtura Corporation, Albemarle Corporation, Dow
Chemical Company, Campine NV, BASF Corporatiord 8tyropek USA, In€U.S. EPA, 2016p
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Current Status of Domestic Manufacture of HBCD
Industry has indicated complete replacement of HBCD in their produciin8sEPA, 2017pand that
useof stockpiles and exportation was completed in 2017, as discussed in Seziioh

Current Status of Importation of HBCD

The companies that previously rematHBCD import volumes to CDRavestated ® EPA that they
permanentl stopped the actiwtin 2016 0r2017.TheDow Chemical Company imported 19 metric tons
(MT) of HBCD in 2016 andoughly 48MT in 2017.Dow possessed roughly 41 MT of HBCD in
stockpilesas of September 201Which the companthenusedto produce XPS foanBy November

2017, Dow had stopped using HBCDadltof its plants and had no intentioniofporting HBCD in the
future. (Dow Chemical Company, 2017

Similarly, Campine NV indicated in a correspondence with EPA that they had ceased importation of
HBCD in 2016(Campine, 201)/ BASF has indicated in a correspondence with ERASF, 2017 that

the company ceased importikBCD in 2016 and currentlitas no stockpiles. IGLP? previously
manufactured an HBCIbontaining flame retardant marketed as E®R6. However, this product has
been discontinued, and IAP has reportedly ceased production of products containing HBCD
(Additives for Polymers, 20)5Styropek also indicated in its correspondences with EPA that the
company phased out HBCD as a flame retarda20ir6.

Although there are a number of possible source countries for importation of HBCD to the United States,
under the Stockholm Convention on Persistent Organic Pollutants (PORf thel83 Parties

(countrie$ have agreed to bahe production use import, and expordf HBCD, consistent with the
obligations of that Conventigf&CCH, 2018ab) . TheConventiondoesinclude a process by whieh

partycan apply for dime limitedexemption to continue producti@mdor useof a listed chemical,

however that exemption is limited to thepecificus€s) identified in the Convention. In accordance

with Article 4, specific exemptions expire five years after the date of entry into force of the Convention
with respect to that particular chemical, unless an additional/éae extension in gréed bythe

Conference of the PartigSCCH, 2018h For HBCD, the specific uses for which a Party can register a
production or use exemption is | imited Regsteruse 0
of Specific Exemptiorfer the Convention, there are currently three Parties registered for production for
those uses and six Parties registered for use. The United States is not a Party to the C@a&érttion
20189.

Descriptions of the industrial, commercial and consumer use categories identified from the 2016 CDR
(U.S. EPA, 2016pand included in the k& cycle diagram are summarizedSection2.2.2.2 The

descriptions provide a brief overview of the use categdppendix Bcontains more detailed

descriptions (e.g., process descriptions, worker activities, process flow diagrams, equipment

illustrations) for each manufacture, processing, use and disposal category. The descriptions provided
below are primarily based on the msponding industrial function category and/or commercial and
consumer product category descri pt i omstsuctibnsform t he
Reporting 2018 SCA Chemical Data Reportir{ty.S. EPA, 2016p

Figure2-1 depicts the life cycle diagram of HBCD from manufacture to the point of dispgagalities
related to distribution (e.g., loading, unloading) will be considered throughout the HBCD life cycle,
rather than using a single distribution scenatrio.

2|CLIP did not report to the 2016 CDR.
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MFG/IMPORT PROCESSING INDUSTRIAL, COMMERCIAL, CONSUMER USES RELEASES and WASTE DISPOSAL

rF s F N F 3

Incorporated into Formulation, |
Mixture, or Reaction Product Automobile Replacement Parts | 4
(2016 CDR Volume CBI)
compounding of XPS masterbatch Disposal
'{ Import of HBCD }—’ b Building/Construction Materials Demolition
Incorporated into Article insulation material for residential, public and »
(2016 CDR Volume CBI) commercial buildings or other structures
manufacture of XPS and EPS, T
manufacture of SIPs and automobile
replacement parts from XPS and EPS Reuse
7 3
I Recycling I{
KEY:
I:I Manufacture {Includes Import) I:l Processing I:l Uses: Industrial, Commercial or Consumer. Black Text: In scope; will be further analyzed.
————3 Pathways that will be further analyzed.

Figure 2-1. HBCD Life Cycle Diagram

The life cycle diagram depicts the conditions of use that are within the scope of the risk evaluation during variolesditggeygcincluding
manufacturing, processing, use (industgainmercial, consumer), distribution and disposal. Activities related to distributiondeding,
unloading) will be considered throughout the HBCD life cycle, rather than using a single distribution scenario.
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2.3 Exposures

For TSQA exposure assessments, EPA expectmadyzeexposures anckleases to the environment
resulting fromthe conditions of usapplicable tdHBCD. Postrelease pathways and routes will be
described to characterize the relationship or connection betweeonti#éions of use of the chemical
and the exposure tumanreceptors, including potentially exposed or susceptible subpopulatidns
ecological receptor€EPA will take into account, where relevant, the duration, inte(aycentration),
frequency anshumber of exposures in characterizing exposurétBioD.

2.3.1 Fate and Transport
Environmental fate includes both transport and transformation processes. Environmental transport is the
movement of the chemical within and between environmental media. Transtormecurs through the
degradation or reaction of the chemical with other species in the environment. Hence, knowledge of the
environmental fate of the chemical informs the determination of the specific exposure pathways and
potential human and environnmahreceptors EPA expectsdoalyzen the risk evaluationlTable2-5
provides environmental fate data that EPA identified and considered in developing the scope for HBCD.
This information has not changed from that provided irHBED ScopeDocument.

During problem formulation, EPA/OPPT considered volatilization duringieveater treatment,
volatilization from lakes and rivers, biodegradation rates, organic caslader. partition coefficient (log
Koc) and bioaccumulation potential when making changes to the conceptual models as described in
Section2.5. Systematic literature review is currently underway, so model results and basic principles
were used to support the fate data used in problem formulation.

Theenvironmental fatenformationon HBCD presented ifable2-5 is based oimformation published
in a number bpublications(U.S. EPA, 201520148 NICNAS, 2012h EC/HC, 2011 EINECS, 2008
U.S. EPA, 20080ECD, 2007x

Table 2-5. Environmental Fate Characteristics of HBCD
Property or Endpoint Value @ References

Direct photodegradation | Does not undergo direct photolysis (estimated) |[U.S. EPA (2015c
Indirectphotodegradation |2.1 days (air) U.S. EPA (2015c¢c
Hydrolysishalf-life Does not undergo hydrolysis U.S. EPA (2015c¢c

Biodegradatiorhalf life 0% in 2B days (aerobic in wastewater, OECD 301[U.S. EPA (2015c
t12= 63 days (aerobic soil, OECD 307)

tu2=7 days (anaerobic soil, OECD 308)
t2=11-32 days (aerobic sediment, OECD 308)
tu2=1.1-1.5 days (anaerobic sediment, OECD 30§
t2=0.66 days (anaerobic in sludge)

Bioconcentration factor  |8,97418,100(fish) U.S. EPA (2015c¢c
(BCF)
Bioaccumulation factor 3,556000 (estimated) U.S. EPA (2012b
(BAF)
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Property or Endpoint Value @ References

Organic carbon:water 49 U.S. EPA (2015c
partition coefficien{log
Koc)

a@Measured unless otherwise natBdsed on literature review describedqlihS. EPA, 2015y Problem formiation
documenhttps://www.epa.gov/sites/production/files/280%/documents/hbcd problem_formulation.pdf

HBCD is persistent in environmental madHBCD is expected to be stable to hydrolysis and direct
photolysis. Measured aerobic biodegradation-lnadk are on the order ahonths. Anaerobic
biodegradation may be more rapid but in anaerobic conditi@gsadation is also slow with hdives

onthe order of daysHBCD is expected to sorb to particulates and sediments and has limited mobility in
soil. Low water solubility (66.4g/l), organic carbon:water partitiong (log Koc = 4.9) and limited

potential for aerobic and anaerobic biodegradati@eof(up to months) suggest that HBCD in

wastewater treatment plan®&/\(WTP9 will associate with biosolid&zhich may subsequently be land
applied

HBCD has a | ow vapor pr e sisaxpeetedtomale lilhiked vohatifizatioln aw ¢
from soils and water surfacésowever, n air, HBCD is expected to occur primarily associated with
particulatesand exposure from dust and atmospheric particulates is likely. HB&Dundergo long

range transpoland @rticulate bound HBCvill be removed from the atmosphere by wet or dry
depositionyesulting in widespread occurrence in soil and water

HBCD is highly bioaccumulative with BCF valuet8,974-18,100indicating that consumption of

animal productérom aquatic and terrestrial species (fish, meat, and dairyyesaytin exposure from
bioaccumulation and trophic magnificatishB CDo6s est i mated wupper trophi
factor (BAF) is 3,556,000 indicating very high bioaccumulation poteritiee model prediction was

obtained using the default settings of the EPI ui(e.S. EPA, 2012cBCFBAF module.

2.3.2 Releases to the Environment
Releases to the environment from conditions of use (e.g., industrial and commercial processes,
commercial oconsumer uses resulting in dowhre-drain releases) are one component of potential
exposure and may be derived from reported data that are obtiaioegh direct measurement,
calculations based on empirical data and/or assumptions and models.

A source of information that EPA expectsctinsider in the risk evaluation evaluating exposure are
data reported under the Toxics Release Inventory (piRgram, however, TRI data are not yet
available for HBCD. Under the Emergency Planning and Community -fgkmhow Act (EPCRA)
Section 313ule, HBCD is a TRireportable substance effective November 30, 2016. HBCD is
reportable beginning with the 2017 eatlar year and has been assigned gpbd@d reporting
threshold. The first reporting forms from facilities are due by July 1, 2018.

There may be releases of HBCD from industrial sites to wastewater treatment plants (WWTP), surface
water, air andandfill (U.S. EPA, 2015t Sawing ofEPS or XPSoamduring commercial and

consumer use results in release of HBCD to the environment and emissions of HB@&P#and
XPSfoamand wear of these products result in release of HBCD during their servi¢e l§e EPA,

20159. Disposal oEPS and XP$ammay result in releasgo the environment as a result of

demolition of buildings or material that is left on or in the §0ilS. EPA, 2015c
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Articles that contain HBCD may release HBCD to the environment during use or through recycling and
disposal. Examples of HBCD releases that are nemently being explored in the literature include
release of HBCD from building materials through demoli{ipnan et al., 2016and sorption of

suspended particles to clothing and transport down the drain during washing of (Exiitest al.,

2018.

EPA expects toeviewthese data in conducting the exposure assessment component of the risk
evaluation for HBCD.

2.3.3 Presence in the Environment and Biota
Monitoring studies or a collection of relevant and reliable monitoring studies provide(s) inforthatio
can be used ianexposure assessment. Monitoring stuth@esmeasure environmental concentrations
or concentrations of chemical substances in biota provide evidence of exposure.

Monitoring and omonitoringdatawere dent i f i ed ichforHBCODO s data sear

Environment

HBCD has been widely detected in both the environment and biota. When considering monitoring
studies reported in risk assessms@umpleted to date and monitoring studies reported to open literature
there are hundreds of studies that have reported HBCD in various 8@ (CASRN 2563994,
3194556, 319457-8) Bibliography: Supplemental File for the TSCA Scope Docyrg@at-HQ-
OPPT20160735; (NICNAS, 2012h EC/HC, 2011 EINECS, 200%

HBCD has been detected in a wide variety of environmental media. Based on review of previously
compl eted assessments a(b8 EEARANESHBLED isdxpeetad tofbe r mu | a
present atelatively higher levels in sediment, soil and indoor dust. HBCD is also expected to be present
in ambient air, indoor air and surface water at relatively lower levels. Phybiealical properties

influence the fate and transport of HBCD between medinekampleEPA expects to consider

partitioning of HBCD to sediment within the water column and to suspended particles and dust in indoor
environmentgLaw et al., 201}l HBCD has also been detected in remote asasresult of longange
transporiand in very close proximity to industrial sources and many sampling locations in between

(Law et al., 201%1

EPA plansto evaluateand reviewavailable environmental monitorirdatain the risk evaluation.

Biota

HBCD has the potential to both pergi§t. of months or longer in some meda)d bioaccumulate

(BCF = 9000 18,000)in the environmenfUNEP, 201(). Once HBCD is present in the environment, it

is available for uptake by a variety of species, including humans. HBSDden detected in human

milk, adipose tissue, blood and hair. HBCD has been detected in invertebrates, fish, birds, mammals and
plants. HBCD is also present in edible fish, plants, milk and other food sources, and there are existing
studieshatquantify potential dietary exposurgéslICNAS, 2012h EC/HC, 2011 EINECS, 200%

EPAplars to review available biomonitoring data in the risk evaluation

2.3.4 Environmental Exposures
Themanufacturing, processindistribution,use andlisposal oHBCD can result in releasés the
environment
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Environmental exposures are informed by releases into the environment, overall persistence
degradation, and bioaccumulation within the environment, and partitioning across different media. EPA
will evaluateexposures t@aquatic and terrestrial organismsaquatic and terrestrial environments. EPA

will evaluatefood-chain relationships where appropriate.

2.3.5 Human Exposures
EPA plansto analyzeoccupationglconsumer and general population exposusebpopulations,
including potentially exposed and susceptibldpopulationswithin these expasd groupswill also be
considered.

2.35.1 Occupational Exposures
EPA plansto analyzeworker activities where there is a potential for exposure under the various
corditions of use described in Secti@2.2 In addition, EPAmayanalyzeexposure to occupational
nonusergi.e. workerswho do not directly handle the chemicat perform work in an area where the
chemical is presenptlepending on available informatidWwhen data and information are available to
support the analysis, EPA alsgpects ta@wonsider the effes) that engineering controls and/or personal
protective guipment have on occupational exposure levels.

EPA anticipates inhalation of dust and other respirable particles (for example, particulate generated by
hot wire cutting of EPS or XPf®am) as the most important HBCD exposure pathway for eisriand
occupational nomsergU.S. EPA, 2015cNICNAS, 2012 ECHA, 2009¢ EINECS, 2003 however,

dermal exposure, may also occur when performing certain work activities.

Workers and occupational narsers may be exposed to HBCD when performing activities associated
with the conditions of use described3ection2.2.2 including, but not limited to:

1 Repackaging or unloadirgpntainers oHBCD powderor pellets

1 Handling, transporting and disposing waste containing HBCD.

1 Cutting EPSor XPS foam (e.g., at constructions sites).

Based on these activities, EPA expectanalyzeinhalation exposure tparticulates and dermal
exposure, including skin contact with particuld@sworkersand may also do so in the case of
occupational nomsers depending on available informati&fA also expects to consider potential
worker exposure vitheoral route such as from incidental ingestiotH&CD particulates that deposit
in the upper respitary tractfrom inhalation exposure

Occupational exposure limits for HBCD have not been established by the Occupational Safety and
Health Administration (OSHA), the American Conference of Government Industrial Hygienists
(ACGIH), or the National Institte of Occupational Safety and Health (NIOSH).
https://www.ncbi.nlm.nih.gov/books/NBK225635/

2.3.5.2 Consumer Exposures
Exposureroutes for consumers usiitBCD-containing productand bystanders (ngproduct users that
areincidentally exposed to the product or arti¢le,S. EPA, 20179 may include inhalation of
suspendegarticulates, dermal exposure due to contact with artiafesingestion of settled dust and
mouthing of articles
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Consumer exposure to articlesntaining HBCDis somewhat different from consumer exposura to

product where the chemical is consumed during its use and then discarded (for example, a can of spray
paint) HBCD is incorporated into articlésatmay bepresent during the entire useful life of the article

in microenvironments where consumers magtainuallyexposed untithe article isdisposed
HBCD-containing articles (e.g., insulation, electronics products, plastic based products and textiles)
haverelatively long service lives in comparison to other consumer prothattsre quickly used and
discarded. Indoor environments with elevated levels of HBCD in indoor air and dust may contain some
combination of articles containing HBCD.

The primary orgoing consumer use 6fBCD is within EPS and XPS insulation. tine 2015Problem
Formulation and Initial Assessment of HBQD.S. EPA, 2015); EPA did not aticipate evaluating
EPS and XPS insulation as a stadne scenario and instead plannedrtalyzeindoor exposures from
all sourceof reportedndoor air and dustoncentrationsEPA will furtheranal/ze the source
contribution of EPS and XPS insulatito levels of HBCD in indoor air and duBiPA will also assess
ongoing uses of HBCD within automobile replacement p&fA plans toanalyzeuses of recycled
articles back int&cPS and XPS insulatioBPA does noéxpect to consideecycled articleswhere
those articles do not have intended flame retardant applications.

Inhalation and Oral

Consumer exposure to HBCD may include inhalaéind ingestiorexposure related to emissions of
HBCD from articles. Indoor a@nd indoor dustoncentrations mayary based on the source strength of
emissions associated withe presence of articles. Emission from articles will vary based on the surface
area of the article present in the building, the weight fraction of H&in the articleand building
characteistics such as air exchange and irgenal air flow. Based on the relatively higbtanol:air

partition coefficien{Koa) and relatively low vapor pressure, HBCD emitted to indoor air is likely to
partition to suspended particles and settiedoordust rather than be emitted in its vapor gh&PA
expects tdurtheranalyzeingestion of dust and inhalation of dust associated eatiditions of usef

HBCD.

Dermal

Consumer exposure to HBCD may include dermal exposure related to direct skin contact with articles
containing HBCD. However, there are several factors to be considered and this is likely a relatively
minor pathway compared to dermal contact with dust.cBmact duration, solubility and diffusivity of
HBCD within different articles, and contact surface area of skin all influence potential exposures
(EINECS, 2003 EPA expects taonsider dermal exposure associated with use of HBEPH and
XPSduring installation and remoyvatontact with dust, andith recycled use applications.

There may be some consumers who may have greater exposure potential to HB&® such
1 Children or adults who spend time in microenvironments with elevated dust or indoor air
concentrations due to presence of multiple article which contain elevated levels of HBCD
1 Children or adults who have elevated dermal contactER8/XPS insukégon containing
HBCD.

EPA expects tanalyzeinhalation, dermal and oral exposures to consumers and bystanders associated
with the conditions of use by consumers
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2.3.5.3 General Population Exposures
Wastewater/liquid wastes, solid wastes or air emissiohHB@fD could result in potential pathways for
oral, dermal or inhalatioexposure tahe general population.

Inhalation

There is the potential for inhalation exposure to HBCD by breathing ambient air and indéantaent
air concentrations may vary lpyoximity to an industrial source, while indoor air concentrations are
discussed in the consumer exposure section. Based on the relativelydegia iKelatively low vapor
pressure, HBCD is expected to be present primarily in suspended particles irrélfigeaithan in the
vapor phase.

Based on these potential sources and pathways of exposure, EPA expeatgzanhalation
exposures of the general population tépairticulateontaining HBCD that may result from the
conditions of use of HBCD.

Oral
The general population may ingé#8CD via severakexposure pathways.

There is potential for oral exposure to HBCD by ingestion of dust andisaiing water andreast

milk; andedible aquati@ndterrestrial biotge.g., from fishing, hunting, ga¢ring and farming)There

is a wide range of dust and soil monitoring data available. Dust concentrations vary widely across
different microenvironments and within microenvironments and are generally reportechgigtbe

Mg/g ranggU.S. EPA, 2015k Existing expsure assessments outside of the United States have

guantified dietary exposure from a variety of food sources and compared these values to other pathways
(Environment Canada, 201EINECS, 2003

EPA does not expect to furthanalyzeexposures from drking water source€xposures from drinking
water containing HBCD are possible, but are likely to be relatively lower than other oral exposure
pathwayqEnvironment Canada, 201EINECS, 200% Drinking water monitoring data is generally
unavailable. Therare existing data on HBCD concentrations in surface water which are relatively low,
below 1ug/L. The physicathemical and fate properties of HBCD, such as high sorption, low water
solubility, and high Kc indicate that concentrations of HBCD in drinkiwgter would be expected to
be low prior to treatment. When sediment monitoring data is used with assumptions @hasg&nic
content and density of water and sediment, surface water concentrations can be emstidaaieed
generally below the highesiels reported in surface wat@gCHA, 2016. These samphysicat
chemical properties indicate that drinking water treatment processes would furtherHdiize
concentrations in drinking water. Overdhe contribution to exposure BBCD via drinking water is
expected to beow compared to othexxposures.

Based on these potential sources and pathways of exposure, EPA expeatgzeoral exposures to
the general population that may result from tdonditions of use diBCD.

Dermal

There is potential for dermal exposure to HBCD through contact with dust and soil containing HBCD.
Dermal exposure is likely to vary based on the contact time with the material, the concentration of
HBCD and propertiesf HBCD that influence dermal absorptiaINECS, 200%
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Based on these potential sources and pathways of exposure, EPA exppatgzeldermal exposurest
the general population that may result from the conditions of ud80D.

2.3.5.4 Potentially Exposed orSusceptible Subpopulations

TSCArequiresEPA to determinevh et her a chemical substance pres
potentially exposed @usceptible subpopulation identified as relevant to the risk evallaliSCA
8 (12) states that #Athe term O6potentially expos

individuals within the general population identified by the Administrator whe,td either greater
susceptibility or greater exposure, may be at greater risk than the general population of adverse health
effects from exposure to a chemical substance or mixture, such as infants, children, pregnant women,
wor ker s, o Gerdrahpepulatiordi"thd tgtal a¥ individuals inhabiting an aremaking up a

whol e groupo and refers [IilteSEPARZOGL).t he U. S. gener a

As part of the Problem Formulation, EPA identified potentially exposed and susceptible subpopulations
for further analysis during the development and refinement of the life cycle, conceptual models,
exposure scenarios, and analysis planhis section, EPA addresses the potentially exposed or
susceptible subpopulations identified as relevant based on greater exposure. EPA will address the
subpopulations identifieds relevant based on greater susceptibility in the hazard section.

Of the humaneceptors identified in the previous sections, EPA identifies the following as potentially
exposed or susceptible subpopulations due to gineater exposuréhat EPA expects to consider in the
risk evaluation

1 Workers and occupational narsers.

1 Consumesand bystanders associated with consumertBED has been identified as being
used in products available to consumers; however, only some individuals within the general
population may use these products. Therefore, those who do use these prodymtsesuteatly
exposed or susceptible subpopulation due to greater exposure.

1 Other goups of individuals within the general population who may experience greater exposures
due to their proximity to conditions of use identifiedSaction2.2thatresult in releases to the
environment andubsequengxposures (e.g., individuals who live or work near manufacturing,
processingdistribution,use or disposal sites).

There are somesasonably likely exposure scenarios where greater exposure from multiple soayces
occur. There may be sonmaividualswho have greater potential for exposure to HBCD such as:
1 Children who spend time in microenvironments with elevated dust concemératio
1 Breastfed infants where concentrations of breast milk containing HBCD are elevated.
1 Children or adults who ingest soil or sediment in environments where HBCD concentrations are
elevated.
1 Children or dults whoconsumeedible aquatic biota or teriteigl biota containing elevated
levels of HBCD.

In developingexposurescenarios, EPA wilanalyzeavailable data to ascertain whether some human
receptor groups may be exposed via exposure pathways that may be distinct to a particular
subpopulation orfestage (e.g¢c hi | dr ends c¢r a wl-to-mayth behagiars) énd whgthep r h
some human receptor groups may have higher exposure via identified pathways of exposure due to
unique characteristics (e.qg., activities, duration or location of exposhex) compared with the general
population(U.S. EPA, 2006r
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In summary, irthe riskevaluation for HBCD, EPAlans to analyzéhe following potentially exposed
groups of human receptors: workers, occupationalusams, consumers, bystanders associated with
consumer usés described above, EPA may also identify additional potentiallpseegor susceptible
subpopulations that will be considered based on greater exposure.

2.4 Hazards (Effects)

For scoping, EPA conducted comprehensive searches for data on haz#Bddpfas described in
Strategy for Conducting Literature Searches for HBGDpplemental File for the TSCA Scope
Documen{EPA-HQ-OPPT20160739 (U.S. EPA, 2017t Based on initial screeningPA plans to
analyzethe hazards dfiBCD identified in thisproblem formulatiordocument. However, when

conducting the risk evaluation, the relevance of each hazard within the context of a specific exposure
scenario will be judged for appropriateness. &a@ample, hazards that occur only as a result of chronic
exposures may not be applicable for acute exposure scenarios. Thigmaeidmns unlikely that every
identifiedhazard will beanalyzedor every exposure scenario.

2.4.1 Environmental Hazards
For scojing purposes, EPA consulted the sources of environmental hazard ddBCDrfound in
Tale 2-6. However, EPA also expects to consider other studies (e.g., mordygudiished,
alternative testlata) that have been published since these reviews, as identified in the literatlre searc
corducted by the Agency for HBCPHBCD (CASRN 2563994, 319455-6, 319457-8)
Bibliography: Supplemental File for the TSCA Scope Docurdg@A-HQ-OPPT20160735. Only the
ontopic references listed in the Ecological Hazard Literature Search Results were considered as
potentially relevant data/information sources for the risk evaluation. Inclusion criteria were used to
screen the results of the ECOTOX literature search (as eggla theStrategy for Conducting
Literature Searches for HBCD: Supplemental File for the TSCA Scope DodiER&HQ-OPPTF
20160735 (U.S. EPA, 2017t Data from the screened literature are summarized bdlalde(2-6)as
ranges (mirmax). EPA plans to review these data/information sources during risk evaluation using the
data quality review evaluation metrics and the rating criteria described Appteation of Systematic
Review in TSCA Risk Evations(U.S. EPA, 2018
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Table 2-6. Summary of Aquatic and Sediment Environmental Hazard Information for HBCD

Test Organism Duration | Endpoint l_:?azlﬁz-:-d Effect Type Units Reference
Aquatic Organisms
Fish Acute LCso 0.0025- >100 mortality mg/L (WILDLIFE
INTERNATIONAL LTD,
1997, (Calmbacher,
19798
Chronic NOEC 0.0037- <500 growth and mg/L (Zhang et al., 2008
reproduction Drottar and Krueger,
2000
LOEC 0.1 DNA damage mg/L (Zhang et al., 2008
MATC >0.032 Larvae mg/L (Hong et al., 2014
malformations
Invertebrates Acute ECso >0.0032- 146 immobility mg/L (Wildlife Intl LTD, 1997;
BASF, 1990
Chronic NOEC 0.0031 growth and mg/L (Drottar and Krueger,
reproduction 19998
LOEC 0.0056i 0.1 Growth; gill mg/L (Smolarzand Berger,
degeneration 2009 Drottar and
Krueger, 1998
MATC 0.0042 growth mg/L (Drottar and Krueger,
1998
Plants Chronic EGCso 0.009- >500 Growth; mg/L (Walsh et al., 1987
MATC 0.01 mg/L (BASF CORP, 1990
Amphipod NOEC 1007 1,000 No effect mg/kg dwt |(Thomas et al., 2003h)
mentioned in for both ends of range
Thomas paper
LOEC 500 Survival mg/kg dwt |(Thomas et al., 2003h)
Oligochaetes NOEC 3.1 population mg/kg dwt |(Oetken et al., 2001
LOEC 28.7 population mg/kg dwt |(Oetken et al., 2001
MATC 15.4 (normalized)] population mg/kg dwt |(Oetken et al., 2001
Terrestrial Organisms
Avian Chronic LOEC 125 reduction in Mg/l (MOEJ, 200%
hatchability
15 reduced chick mg/L
2.1 survival mg/kgday
5 mg/L
LOEC 164.3 reduced ng/g wet |(Kobiliris, 2010
corticosterone |weight of egg
response in mal
nestling kestrels
reduced flying
activities in
juvenile males,
delayed respons
time to predator|
avoidance in
juvenile femaleg
Earthworm Chronic ECiwo 21 reproduction | mg/kg/dwt. |(Aufderheide et al., 2004
NOEC 128
Plants Chronic NOEC >5,000 Not reported | mg/kg/dwt |(Porch et al., 2002
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EPA expects tanalyz the hazards dfiBCD to aquatic organisms includirigh, aquatic invertebrates
aquatic plants and sediment invertebratgsosedo relevant mediander acute and chronic exposure
conditions.Based orthe a&sessens mentioned above, there was acute tibxito aquatic invertierates
from HBCD, based on mortalitgnd immobilizatio. Chronic toxicity to aquatic invezbrates growth
and reproduction) was obserwatien exposed to HBCD. Chronic toxicity wasserved in sediment
dwelling organisms based oeducel survivability when exposed to HED.

EPA expects tanalyz the hazards afiBCD to terrestrial organisms includirsgil invertebrates and
avian speciesxposedo relevant mediander acute and chronic exposure conditi@ased on
previous assessants, tironic toxicity to terrestrial invertebratagproduction)vas observed when
exposed to HBCD. Also, toxicityp avianspeciesvasobserved, based aaduced hatchability and
survival, when exposed to HBCD.

2.4.2 Human Health Hazards
The human healthazard of HBCD has been examined in several publicatiois EPA, 201620144
d; NICNAS, 2012h Environment Canada, 20 1EINECS, 2008U.S. EPA, 20080ECD, 2007l EPA
expects to consider potenttaiman healtihazards associated with HBCD. Basedeasonably
available information, the followingections describne hazards EPAxpecsto further analyze.

HBCD does not have an existing EPA IRIS Assessment; howeevegrt of a coordinated agency
effort, in the TRI Technical Review of HBCRJ.S. EPA, 2016); the TSCA Work Plan Problem
Formulaion and Initial Assessmer(t).S.EPA, 2015y, andPreliminary Materials for the IRIS
Toxicological Review of HBCDRJ.S. EPA, 2014)) non-cance health hazards of HBClderecompiled
and reviewedincluding: acute toxicity, liver toxicity, thyroid toxicity, reproductive/developmental
toxicity, neurotoxicity, immunotoxicity, sensitization and irritation. EPA relied heavily on this
comprehensive résw in preparinghis Problem FormulatiorEPA also expects ®valuateother

studies (e.g., more recently published, alternative test data) that have been publishedssreaahs
during the analysis phase of the risk evaluataaidentified in théterature search conducted by the
Agency for HBCD HBCD (CASRN 2563994, 319455-6, 319457-8) Bibliography: Supplemental
File for the TSCA Scope DocumgBPA-HQ-OPPT20160739. EPA expects to use these previous
analysess a starting point for identifying key and supporting studies to inform the human health hazard
assessment, including desesponse analysis. The relevant studies will be evaluated using the data
quality criteia in theApplication of Systematic Review in TSCA Risk Evaluatioosmen{U.S. EPA,
2018.

2.4.2.1 Non-Cancer Hazards
Acute Toxicity
Animal studies have observed potential neurological effects and clinical signs of toxicity including death
following high-dose acute administration of HBGU.S. EPA, 2015c

Liver Toxicity

Increased liver weight has been observed in multiple laboratory animal studies, in both sexes, across
species and following both adult and developmental exposures. In mice, HBCD exposure induced
evidence of inflammatory changes in the liver and hepaitiz changes (steatosis) in animals with a
high-fat diet(U.S. EPA, 2014}l
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Thyroid Toxicity

Human epidemiolagal studies have reportgtentialeffects of HBCD on thyroid hormones. Animal
toxicity studies provide stronger evidence of thyroid perturbation associated with HBCD exposure,
including altered levels of thyroid hormones, histological changes andsedréayroid weight, with
effects observed across multiple lifestggexes, species and exposure duraifonsS. EPA, 20144.

ReproductiveDevelopmental dxicity

For female reproductive effectiere is some rodent evidence that HBCD may alter fertility and
pregnancy outcomes as well as regliine number of mature and developing follicles in the gvary
however effects on reproductive organ weight are inconsistémg. potential for HBCD to affect the
female reproductive system has not been investigated in huR@mnsalereproductive effecighere is
some epidemiological support of an association between HB@Dsure and altered serum testosterone
andsex hormone binding globuliiSHGB) levels however animal studies did not report any effects on
male reproductive organ weights, reproductive tgraent, hormone concentratiomsspermatogenic
measures. Theris mixed epidemiological data on developmental toxicity of HBCD, while animal
toxicity studies suggest that early life exposure to HBCD at high doses can affect various developmental
outcomes, including reduced offspring viability, decrements in puphivaigd alterations in eye
opening(U.S. EPA, 2014Y

Neurotoxicity

There is an absence of a strong associ&tiween HBCD exposure and developmental neurotoxicity in
various neuropsychological domaimisserved in the limited epidemiological studies that are avajlable
however there is evidence of potential developmental neurotoxicity in rodents. Perinatal HBCD
exposure was shown to alter neurodevelopmental milestones while eliciting changes in locomotor
activity and executive function that persisted into adulthood. HBCD exposurapgisars to affect

other neurological endpoints related to changes in auditagjtséty, dopamine system function and
brain weight in multiple studie&ffectson neurodevelopmental endpoimisre observed in both sexes
and across a wide range of doses and exposure durdmmever there is currently not any substantial
evidenceo support concern for neurotoxicityhen exposure is limited @dulthoodU.S. EPA, 2014)

Immunotoxicity

The effects of HBCD on both functional and structural immune endpoints have been evaluated in animal
models.Overall, immunological effects from HBCD exposure are variable and inconsistent across
studies for endpoints such asmune organ weights, hematgjoor histopathologyU.S. EPA, 2014})J

and its relevance to the riskaluatiorwill require further evaluation

Sensitization/Irritation
There is limited information available suggesting potential mild irritation and sensitizing potential of
HBCD (U.S. EPA, 2015¢

2.4.2.2 Genotoxicity and Cancer Hazards
Available data suggest that HBCD is not genotoxic. Existing assessments have also concluded, based on
genotoxicity information and a limited lifetime study, that HBCD is not carcinogehicNAS, 20120
EINECS, 2008TemaNord, 20080ECD, 2007k Although the current data does not appear to provide
sufficient evidence that HBCD is carcinogenic, EPA will further evaluate geisayoand other cancer
hazards in the risk evadtion as part of a systematieview.
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2.4.2.3 Potentially Exposed orSusceptible Subpopulations
TSCA requires that the determination of whether a chemical substance presents an unreasonable risk
include consideratt of wunreasonable risk to fAia potentiall
identified as relevant to the risk evaluationo
exposed or susceptibl e subpopulhagenesahpdopulatierans a g
identified by the Administrator who, due to either greater susceptibility or greater exposure, may be at
greater risk than the general population of adverse health effects from exposure to a chemical substance
or mixture, such as infat s , children, pregnant wo me nhehavaaodr k e r
assessment, EPA will evaluate available data to ascertain whethehuman receptor groups may
have greatesusceptibity than the general populatiadno t he c¢ haedf®) cal 6s haz

2.5 Conceptual Models
EPA risk assessment guidarn(€eS.EPA, 2014¢1999, defines Problem Formulation as the part of the
risk assessment framework that systematically identifiefatitersto be considered in the assessinen
It draws from the regulatory, decistomaking and policy context of the assessment and informs the
assessment s technical approach.

A conceptual model describes the actual or predicted relationships between the chemical substance and
receptors, eithémuman or environmental. These conceptual models are integrated depictions of the
conditions of use, exposures (pathways and routes), hazards and receptors. The initial conceptual model
describing the scope of the assessment for HBCD, have been refimeggtoblem formulation. The

changedo the conceptual modeils this problem formulation are describaidng with the rationales

In this section EPA outlines those pathways thatlvélincluded and further analyzed in the risk
evaluation; will be included but will not darther analyzed in the riskvaluation; and will not be
included in the TSCA risk evaluation atige underlying rationale for these decisions.

EPA determined as peof problem formulation that it is not necessary to conduct further analysis on
certain exposure pathways that were identified irHBED ScopeDocument and that remain in the risk
evaluation. Each risk evaluation will be *fdar-purpose,” meaning nall conditions of use will warrant

the same level of evaluation and the Agency may be able to reach some conclusions without extensive
or quantitative risk evaluations. 82 FR 33726, 33734, 33739 (July 20, 2017).

As part of this problem formulation, EP#lsoidentified exposureathways underegulatory programs

of other environmental statutes, administered by EPA, which adequately assess and effectively manage
exposuresind for which longstanding regulatory and analytical processes already egisthe Safe
Drinking Water Act (SDWA), the Clean Water Act (CWA) and the Resource Conservation and
Recovery Act (RCRA). OPPT worked closely with the offices within EPA that administer and
implement the regulatory programs under these statutes. In someEd&dss determined that the
chemicals present in various media pathwags @ir, water, landjall under the jurisdiction oéxisting
regulatory programs and associated analytical proceasesd out under other ERP&dministered
statutesand have beeassessed and effectively managed under those prage@Aselieves that the
TSCA risk evaluation shoulgenerallyfocus on those exposure pathwagsociated with TSCA
conditions ofuse that are n@dequatelyassessed and effectively managed utitkeregulatory regimes
discussed above because these pathways are likely to represent the greatesisiceasadrn. As a
result, EPA does naxpectto include in the risk evaluation certain exposure pathways identified in the
HBCD ScopeDocument.
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2.5.1 Conceptual Modelfor Industrial and Commercial Activities and Uses Potential
Exposures and Hazards
The revised conceptual mode€&igure2-2) illustratesthe pathways oexposurdrom industrial and
commerciakdivities anduses of HBCDthat EPA plans to evaluat€here are exposures to workers and
occupational nowsers via the inhalation and oral routes and to workers via the dermal rantg dur
processing and use for the conditions of use identified in this problem formulation.

The indugrial and commercial activitiesses thaEPA expects to considare those that anditions
of use As dscussedn Section2.2.2.2 these activitiesncludeimportation of HBCD compounding of
XPS master bat¢imanufacture of XPSnanufacture of ER3$nanufacture of SIPsnanufacture of
automobile replacement pgranduse ofXPS, EPS, and SIRs construction

EPA expects to furtheanalyzepathways and routes of exposure that may occur during repackaging,
processing steps €., plastics compounding; plastics converting and SIP assembly; recycle of EPS), use
(i.e.,installation/reuse/demolition of EPS/XPS foam) and dispaga)t{andling of wastes) including:
1 Inbhalation of dust containing HBCBy workers and occupational nosers EPA expects this
to be an important exposure rotite workers and occupatiohaonrusersU.S. EPA, 2015c
1 Dermal exposuré HBCD solidsby workers thatnay occur as a result of handling particulate
solids (OECD, 2015EINECS, 200%
1 Ingestion of HBCDby workers and occupationabrrusers from ingestion of dust that deposits
in the upper respiratory tract and is swallowed.

EPA does not plan to furthanalyzeexposure to liquidBased on information from the 200DR, all
importers reported solid physical forms of HBCD and therefsoeker and noroccupational user
exposure to liquidHBCD is notexpected

For each condition of use identifiedTiable2-3 a determination was made as to whether or not each
unique combination of exposure pathway, route, and receptor will be further analyzed in the risk
evaluation. The results of that analysisrg with the supporting rationale are presentefigpendix C

Waste Handling, Treatment and Disposal

Figure 22 shows that waste handling, treatment and disp@sapected to lead to the same pathways
as other industrial and commerci al activities

a

Treat ment and Disposal 0o box to the fAiHazards Pot

Ex posur e s oeroutedta acouratsly reflect the expected exposure pathways, routes, and
receptors associatedttvthese conditions of use of HBCD
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INDUSTRIAL AND COMMERCIAL EXPOSURE PATHWAY EXPOSURE ROUTE RECEPTORS® HAZARDS
ACTIVITIES / USES

Occupational
Import of HBCD Liguid Contact Ngnp-ulsers

;I solid Contact )——;

Incorporated into Formulation,
Mixture, or Reaction Product:
compounding of XP5

masterbatch
Dust Indoor Air |—
P
r

Emissions ®
Incorporated into Article: l
manufacture of XPS/EPS, b
Outd Ai
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Non-Users
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Recycling

Dust emissions from

Building/Construction Materials » product installation,
reuse, and demolition.
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Treatment and Disposal Inhalation
Non-Users

| > Wastewater, Solid Wastes, Air Emissions KEY:
(see Figures 2-4aand 2-4b) Black Text: Included in risk evaluation and will be further analyzed.

Gray Text: Included in risk evaluation, but will not be further analyzed
——» Pathways that will be further analyzed.
Pathways that will not be further analyzed.

Occupational
Non-Users

Dermal

Figure 2-2. HBCD Conceptual Model for Industrial and Commercial Activities and UsesWorker and Occupational Non-User

Exposures and Hazards
The conceptual model presents the exposure pathways, exposure routes and hazards to human receptors from industriadiahd comme

activities and uses ¢1BCD.
a@Receptors include potentially exposmasusceptible subpopulatiofsee Sectio.3.5.9.
bWhen data and information are available to support the analysis, EPA also considers the effect that enginedsimmpdonpersonal

protective equipment have on occupational exposure levels.
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2.5.2 Conceptual Modelfor ConsumerActivities and Uses Potential Exposures and
Hazards
Figure2-3 presents the conceptual model for human receptors from consumer uses of HBED
conceptual model has been modified to indicate the exposure pathways that will and will not be further
analyzd. More detailed information can be foundipppendix D

EPA expects to consider certain conditions of use related to consumeAsisiescribed in Section
2.2.2.2 these uses include building and construction materials

HBCD is presentn consumeatrticles, many of which are found in indoor environments such as the
home Theservicelife of articleswill vary based on the type of article.g.,textile, electrorgs,

structural insulation panebut are expected to range from months to years. Sdif@ds defined as the
length of time an article or consumer good is used before it is disposereofdied. Over this period

of time, there is potential for loAgrm continuous lovlevel releases which may contribute to levels of
HBCD found within indoor dust and aifhese articles may be recycled and reintroduced into the indoor
environment at therel of their servicdife. HBCD within indoor air is expected to be present primarily

as a particulate, rather than a vapapBnding on recycling/reugatterns and processes for different
types of articles, HBCD may continue to be present within articlegnother service life of the

recycled or reused product

Figure2-3 illustrates exposure pathwal@ consumers from consumeses of HBCDEPA expects to
analyz pathways and routes of exposure that may occur duringrudisposabf building and
construction materials or recycled products including:

1 Ingestion ofsuspended or settled dust contaitHBICD by consumers and bystanders.
Ingestion of suspended dust may occur by inhalation oftdastiepositin the upper
respiratory tract and is swallowed. Ingestion of settled dust may occur via hand to mouth
behavior.

1 Inhalation ofsuspendedust containing HBCIby consumers and bystagrs. EPA expects this
to be an importantoute of exposure.

1 Dermal exposuréo HBCD solidsby consumers thahay occur as a result of handliafy
articles or dermal contact with dust.

The primary route of exposure for consumers to HBCD is via ingestismspended or settled dust.

This will be evaluated for both EPS/XPS insulation and for replacement automobilépalesxposure
related to mouthing of articles is not expected for the primary ongoing use of HBCD in EPS/XPS
insulation Ingestion of dustia hand to mouth behavior may also occdounger children (e.g., infants
and toddlersmay besusceptible receptors due to higher dust ingestion rates and higher frequency and
duration of hand and object to mouth contact, when compared to older clafdiedults.

Inhalation of suspended dust may also occur from abraded pasticessispended settled dastd this
will be furtheranalyzd.

Dermal exposure to consumers from HBCD containing articles may occur dontagt with dust and

handling ofarticles The potential foHBCD to absorb dermally under different conditions, will be
furtheranalyzd during risk evaluation.
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The primary routes of exposure resulting from consumer handing of disposal of waste is inhalation and
oral ingestion osuspended particulate including dughder some conditions such as renovation of a
home, it is possible that abraded dust from artiglesh as structural insulation paneisuld result in
elevated levels of dust compared to those typically found intororg studiesRenovation and

abrasion of duswill be furtheranalyzedduring risk evaluatiomas part oin EPS/XPS exgsure scenario
rather tharas a stan@dlone consumer handling and disposal of waste scenario

EPA does not plan to ftireranalyzeliquid contact to HBCD for consumens bystanderas HBCD is
incorporated ito articles in the solid form
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COMSUMER ACTIVITIES / USES EXPOSURE PATHWAY EXPOSURE ROUTE RECEPTORS? HAZARDS
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Figure 2-3. HBCD Conceptual Model for Consumer Activities and UsesConsumer Exposures and Hazards
The conceptual model presents the exposure pathways, exposure routes and hazards to human receptors from consiener Ess/ibes

HBCD.
@ Receptors include potentially exposadsusceptible subpopulatis(see Sectio2.3.5.9.
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2.5.3 Conceptual Modelfor Environmental Releass and Wastes: Potential Exposures
and Hazards

The revised conceptual modelsdure2-4aandFigure 24b) illustratethe expecteéxposure pathways
to human ane@cological reepgorsfrom environmental releases and waste streams associated with
industrial and commercialctivitiesfor HBCD that BPA expects to include in the risk evaluatidhe
pathways that EPA plans ilaclude andanalyze furthem the risk evaluatiomre described igection
2.5.3.1andare shown in the conceptual models. The pathwetsEPA plan to include in the risk
evaluation but not further analyaee described iBection2.5.3.2and the pathways th&fPA does not
expectto include in risk evaluatioaredescribed in Sectiop.5.3.3

2.5.3.1 Pathwaysthat EPA Plans to Include and Further Analyze inRisk
Evaluation
Pathways that EPA expects to further analyze include:

1 Emissions to airThe general populatiancluding populations and ecological receptors living
near industrial and commercial facilities processing, using or disposing of HBCD may be
exposed via inhalation of suspended HBCD particulate in the ambient air from fugitive or stack
emissionsandingestion of HBCD from uptake from the environment into food sources (via
indirect deposition into water bodies or soil)

1 Releases to surface watand sediment)The general populatiancluding populations living
near industrial and commercial facilities processing, using or disposing of HBCD may be
exposed by incidental ingestion of surface water and suspended pasianthteyingestion of
HBCD from uptakevia direct or indirect deposition into water bodies or doilin the
environment into food source&quatic and terrestrial ecological receptors may also be directly
exposed due to proximity to surface water and sediment.

i Biosolid application to soil from wastewatdtcological receptors antié general population
including populations living near industrial and commercial facilities processing, using or
disposing of HBCD may be exposed by incidental soil ingestion or uptake feoemtironment
into food sources, particularly for backyard fruit and vegetable gardens near facilities.

HBCD has a relatively low water solubilif@6 ug/L) and high log Kc (4.9) and tends to sorb to solids
in surface water, groundwater and wastewates.resistant tmerobicbiodegradatiorgt..= months)and
hydrolysis thereforeit is not degraded during wastewater treatmentvahdend to associate with
sludge If land applied, treatediosolids will transfer HBCD to slowhere it will be taken upy biota
and bioaccumulate in the terrestrial and human food chain. From swgly lie transported to surface
water by runoff and particulate erosion and be taken up by and bioaccumulate in aquatic species
Emissions to air are also expected to occuraalwhg vapo(t,: > days)and particulate phase hdilfie
indicates that long range transport can occur. Deposition tarsbivatefrom air may also lead to
HBCD concentrations in sagéind water far from the source location

As HBCD is bioaccumulativéestimated BAF 08,556,000 seeTable2-5), oral exposure via ingestion
of food items such as fish, meaggs, dairy products amdants are expecte@he primary route of
exposure for the general populatioreigected to beia ingestion of terrestrial biota and aquatic biota.
There may be additional oral exposure to young children from ingestion of breaahohiilom indoor
dust exposure

As shownin Figure2-4a, EPA anticipates that the general population living near industrial and
commercial facilitiegprocessingusing or disposing of HBCD may be exposedsasaeral pathways. As
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HBCD is persistent and bioaccumulative, releasdbe environmerfrom industrial or commercial
activities are expected to result in exposures to human receptanbali@ion,ingestion of water, breast
milk and edible aquatic artdrrestrial biota (e.g., from fishing, hunting, gathering, farming).

Releases of HBCD tthe environmenfrom industrial or commercial activities majsoresult in

exposure to aquatic and terrestrial life via contaminated water, sediment or sowasrshigure 24b.
Trophic magnification may result in greater exposure following bioaccumulation. Based on the potential
for bioaccumulation, it is expected that &strial species will also be exposed to HBCD via the food

chain.

Air Pathways

Particulateassociated HBCD may result in transport anddsequennhalation exposure. This is not
expected to be a primary route of exposure although those living near a facilityrelbecteHBCD

may experience higher levels of exposure than the general popukdtitspheric transport and eff

site deposition may sb contribute to low levels of contamination away from the release location which
may contribute to environmental bioaccumulation from water and soil.

Water Pathways

Currently, no states or tribes include criteria for HBCD in water quality standardsiaes are not

available for use in NPDES permits. Thus, EPA cannot conclude that risk to human health and aquatic
life from exposure to HBCD in ambient waters has beféactively managedAs a result, this pathway

will undergo risk evaluation under TSCBPA may publish CWA section 304(a) human health or

aquatic life criteria for HBCD in the future if it is identified as a priority under the CWA.

Biosolids Pathways
This pathway will undergo risk evaluation under TSCA

Disposal Pathways

HBCD or HBCD contaning articles may be disposed of in construction and demolition waste landfills
by commercial and consumer users. Land disposal of HBCD in EPS/XPS building materials (e.g.
insulation) isexpected to be the primary disposal pathway for these materials|dedly to occur at
construction and demolition landfills.

2.5.3.2 Pathwaysthat EPA Plans tolncludein the Risk Evaluation but Not
Further Analy ze

Drinking Water Pathways

Exposures from drinking water containing HBCD are possible, but are likely to be relatively lower than
other oral exposure pathwafsnvironment Canada, 201EINECS, 2008 Drinking water monitoring

data is generally unavailable. There are existing datdBCD concentrations in surface water which

are relatively low, below lug/L. The physicathemical and fate properties of HBCD, such as high
sorption, low water solubility, and highd§ indicate that concentrations of HBCD in drinking water

would be expeted to be low prior to treatment. When sediment monitoring data is used with
assumptions aboutd§, organic content and density of water and sediment, surface water concentrations
can be estimated and are generally below the highest levels reportefdae suate(ECHA, 2019.

These same chemical and fate properties would indicate that drinking water treatment processes would
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further reduce HBCD concentrations in finished drinking water. Overall, the contriboteéposure to
HBCD via drinking water is expected to be low compared to other exposures.

Direct or indirect discharge of wastewater to surface water may occur and runoff from land application
fields may transport HBCD into surface watieeaching to groandwater is expected to be limited by

low water solubility and high sorption potentiBBCD has a relatively low water solubility and will

tend to sorb to solids isurface and groundwater. It is expected to be removed by water treatment and
exposure to th general population via drinking water is expected to be low. HBCD will tend to sorb to
subsurface soils. Reductive-deomination may result in subsurface degradation wijttof months or

longer. HBCD may migrate to groundwater but exposure via thisvyag may be limited.

2.5.3.3 Pathways that EPADoesNot Expectto Include in the Risk Evaluation
Exposures to receptofise. general population, terrestrial speciegyrmccur from industrial and/or
commercial usesndustrial releases to air, water or landd other conditions of use. As described in
Section2.5, EPA does not expect to include in the risk evaluation pathways under programs of other
environmental states, administered by EPA, which adequately assess and effectively manage
exposures and for which lorgganding regulatory and analytical processes already exist. These
pathways are described below.

Disposal Pathways

Because HBCD is not classified aR&RA hazardous waste, wastes are not expected to be sent to
Subtitle C incinerators, due to the higher cost of such incineration as compared with MSW or other
incineratorstherefore eissions from hazardous waste incinerators will not be included imsthe r

evaluation. 40 CFR 264.345 specifies performance standards for hazardous waste incinerators. An
incinerator burning hazardous waste must achieve a destruction and removal efficiency (DRE) of
99.99% for each principal organic hazardous constituent&munbre, RCRA provisions for site

specific risk assessments and the Hazardous Waste Combustor maximum achievable control technology
(MACT) rule provisions for a Residual Risk and Technology Review together cover risks for RCRA
hazardous wastes

EPA doesiotexpectto includeon-site releases to land that go to underground injeatias risk
evaluation Environmental disposal of HBCD injected into Class | well types are presumed to be
managed and prevented from further environmental release by RCRFDAMA regulations.
Therefore, disposal of HBCD via underground injection is not likely to result in environmental and
general population exposures.

EPA does noéxpectto include onsite releases to land that go to RCRA Sié@ hazardous waste

landfills. Design standards for Subtitle C landfills require double liner, double leachate collection and
removal systems, leak detection system, run on, runoff, and wind dispersal controls, and a construction
guality assurance program. They are also subject soi@d@nd postlosure care requirements including
installing and maintaining a final cover, continuing operation of the leachate collection and removal
system until leachate is no longer detected, maintaining and monitoring the leak detection and
groundwagr monitoring system. Subtitle C landfill operators are required to implement an analysis and
testing program to ensure adequate knowledge of waste being managed, and to train personnel on
routine and emergency operations at the facility. Hazardous weisgepdisposed in Subtitle C landfills

must also meet RCRA waste treatment standards before dis@gah these controls, general
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population exposure to HBCD in groundwater from Subtitle C landfill leachate is not expected to be a
significant pathway.

EPA does not expect to include-site releases to land froRCRA Subtitle D municipal solid waste
landfills (MWSLFs), other than for construction and demolition wastes as described in Section 2.3.5.1.
While permitted and managed by the individual statesjicipal solid waste landfills (MSWLFs) are
required by federal regulations to implement many of the same requirements as Subtitle C landfills.
MSWLFs must have a liner system with leachate collection and conduct groundwater monitoring and
corrective acthn when releases are detected. MSWLFs are also subject to closure arldguwstcare
requirements, as well as providing financial assurance for funding of any needed corrective actions.
MSWLFs have also been designed to allow for the small amountzarfdoaus waste generated by
households and very small quantity waste generators (less than 100 kg per month).
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Figure 2-4a. HBCD Conceptual Model for Environmental Releases and Waste&eneral PopulationExposures and Hazards
The conceptual model presents the exposure pathways, exposure routes and hazards¢adptorafrom releases and wastes from

industrial and commercial uses of HBCD

#Industrial wastewater or liquid wastes may be treatesiterand then released to surface water (direct discharge),-trepted and released to POTW
(indirect discharge). For consumer uses, such wastes may be released directly to POTW (i.e., down the drain). Drinkithgeltieyo further
treatment in drinkag water treatment plant. Groumgiter may also be a source of drinking water.

® Receptors include potentially exposmdsusceptible subpopulatiofsee Sectio.3.5.9.
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Figure 2-4b. HBCD Conceptual Model for Environmental Releases and WasteEcological Exposures and Hazards

The conceptual model presents the exposuttenzgys and hazards for environmental receptors from industrial and commercial uses of

HBCD.

#Industrial wastewater or liquid wastes may be treatesiterand then released to surface water (direct discharge) -twegted and released to POTW

(indired discharge). For consumer uses, such wastes may be released directly to POTW (i.e., down the drain).
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2.6 Analysis Plan

The analysis plapresentedhere is a refinement of the initial analysis plan that was published in the
Scope of the Risk Evaluation for HBAD.S. EPA, 2017e

The analysis plan is based on the conditions of use of HBCD, as descr8estion2.2 of this problem
formulation. EPAs implemening systematic review approaeimd/or method® identify, select, assess,
integrateand summarize the findings of studsegporting the TSCA risk evaltian. The analytical

approaches and considerations in the analysis plan are used to frame the scope of the systematic review
activities for this assessmeiitie supplemental documesytApplication of Systematic Review in TSCA

Risk EvaluationgU.S. EPA, 201§ provides aditional informdion abouthe criteria, approaches

and/or methods that have been and will be applied to thd @idtemical risk evaluations

While EPA has conductedcamprehensiveearch foreasonablyavailable data as describedire
Scope of the Risk Evaluation for HBGD.S. EPA, 2017k EPA encourages submission of additional
existing data, such as full study reports or workplace monitoring from industry sources, tit may
relevant forfurtherevaluatingconditions of use, exposures, hazards and potentially exposed or
susceptible subpopulatiodsring risk evaluationEPA will continue to consider new information
submitted by the public.

During the risk evaluatiorEPAwill rely onthesearchresultsHBCD (CASRN 2563%99-4, 319455-6,
319457-8) Bibliography: Supplemental File for the TSCA Scope Docyre@M#HQ-OPPTF2016

0735 or performsupplematal searcheto addresspecific questiong~urther, EPAnay considerany
relevantCBI information in the risk evaluatian a manner thatrotectsthe confidentiality of the

information from public disclosur@he analysis planisbasedn EPA6s knowl edge of
which includes a partial, but not complete review of identifiédrmation Should additional data or
approaches become available, EPA may refine its analysis plan based on this information.

2.6.1 Exposure
Based on their pfsicalchemical properties, expected sources, and transport and transformation within
the outdoor and indoor environment chemical substances are more likely to be present in some media
and less likely to be present in others. Mespacific levels will vay based on the chemical substance
of interest. Fosomehigh-priority chemical substances, naaro background level(s) can be
characterized through a combination of available monitoring data and modeling approaches.

Background levels can be used to:
A Better characterize the overall magnitude and distribution of exposures when considered
alongside scenarispecific exposures.
A Serve as a comparison or point of reference for sceapeoific exposure estimates.

o] Scenariespecific exposures that dmver than background exposure levels may
not need to be further analyzed.
o] Scenariespecific exposures that are approximately the same or higher than

background exposure levels warrant further consideration.

For HBCD, EPA plans tanalyzebackgroundevels forindoor dust, indoor aigembient airsurface
water, sediment, soil, dietary food sources, aquatic biota, and terrestrialBRAshas not yet
determined the background levels in these medi@w they may be used in the risk evaluation
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Exposure scenarios are unique combinations of sources (uses), exposure pathways, and exposed
receptors. Draftelease#xposure scenari@®rresponding to various conditions of iseHBCD are
presented ippendix D EPA plans t@nalyzebackground exposures and scenapecific exposures.

2.6.1.1 Environmental Releases
EPA expects to analyze releases to environmental media as follows:

1) Review reasonably available published literatureand other reasonably available
information on processes and activities associated with the conditions of useatmalyzethe
types of releases and wastggnerated.

EPA has reviewed some key data sources containing information on processes and activities
resulting in releases, and the information foundieiscribedn Appendix B EPA will continue to
review data sources identified Appendix Bduring risk evaluatiomising theevaluation strategy
for environmental releases and occupational exposure data sources discussagphdaigon

of Systematic Review in TSCA Risk EvaluatantsStrategy for Assessing Data Quality in
TSCA Risk Evaluation¢).S. EPA, 2018

The specific industrighctivitiesthat EPA expects tanalyzearesummarized imable2-7 below.

Table 2-7. Summary of Industrial Activities EPA Will Analyze

Life Cycle Category Subcategory SpecificScenaios that EPA will
Stage Assess
Manufacturg Import Repackaging Import of HBCDas powder or

pellets anfbr as part of XPS

masterbatch, and/as part oEPS

resin bead#o a single sitend
subsequent repackaging of the
imported materiahnd its transfer to
other sitegor thefollowing
purposs:

1. The production of XPS nster
batch at a generic compounding
siteusing the imported HBCD

2. The production of XPS at a
generic site for the manufaure
of XPS using the imported HBC
or the imported XPS masterbatc

3. The production of EPS at a
generic site for the manufacture
of EPSusing the imported EPS
resin beads

Incorporation Compoundng of | The compounding of XPS master
Processing| into formulation, | XPS master batch| batch at a generic sig the
mixture, or processing oimported HBCD
reaction product
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2)

3)

Life Cycle Category Subcategory SpecificScenaros that EPA will
Stage Assess

Incorporation Manufacture of | The manufacture of XPS at a gene
into an article | XPS sitefrom the XPS master batch
produced at a generdompounding
siteor the imported HBCD or the
imported XPS masterbatch

Manufacture of | Themanufacture of EPS at a gene

EPS sitefrom importedEPS resin beads
Manufacture of | The manufacture dIPs at a generi
SIPsand site.

automobile

The manufacture of replacement

replacement parts automobile parts at a generic site.

from XPS or EPS

EPA will consider using an import volume of up to 100,000 Ibs (i.e. the highest CDR reporting
threshold}o estimate releases resulting from repackaging of imported product and subsequent
processing (i.e., production of XPS master baxdidSand EPS)EPA will conduct additional

data collection to estimate tly@antityof the imported HBCD thas used forlte manufacture of
XPS and EPSSIPs and replacement automobile parts

Furthermore, EPA wilfurther considewhether EP&nd XPS are recycled to produce products
that contain HBCIDas a flame retardant. If EPA proceeds with the evaluation of any of the
recycling processes, then ER#ay perform targeted data searches as needed

Review reasonably available chemicapecific release data, including measured or
estimated release data (e.g., dafeom risk assessments by other environmental agencies).

There arecurrentlyno reportedioxics Release Inventory (TRI) data for HBGERA will
review the TRI data for the first reporting year of 2017 when they become available in
approximatelyduly 2018. EPA will continue to review relevant data sources astified in
Appendix Bduringtherisk evaluationEPAwill match identified data tapplicable conditions
of useand identifydata gaps where no data are foundofmticular conditions of us&PA will
assess releases frahe specific industriahctivities identifiedabove and will compare the
results of this assessment with any release data that will reported in the TRI.

Additionally, for conditions of use where no measured data on releases are available, EPA may
use a variety of methods includinglease estimation approaches and assumptions in the
Chemical Screening Tool for Occupational Exposures and ReleasesSTEERU.S. EPA,

2013.

Review reasonably available measured or estimated release data for surrogate chemicals
that have similar uses and physicabroperties.
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4)

5)

6)

EPA has not identified surrogate cheaigcand data that can be usee@stimateeleassfrom

uses of HBCD. EPA may conduct targeted searches for surrogatd-daexample, EPAnay

search for data on release of chemicals as a result of building demolition and will then evaluate
the utility of any such data as surrogate data for release of HBCD due to building demolition.

Review reasonably available data that may be used in developing, adapting or applying
exposure models to the particular risk evaluation.

This item will be performed afteompletion of #2 and #3 above. EPA will evaluate relevant
data to determine whether the data can be used to develop, adapt or apply models for specific
conditions of use (and corresponding release scenarios).

Review and determine applicability of OECD Emssion Scenario Documents (ESDs) and
EPA Generic Scenarios to estimation of environmentakleases.

EPA has identified potentially relevant OECD Emission Scenario Documents (ESDs) and EPA
Generic Scenarios (GS) that correspond to some conditions;dbusgamplethe 2009 ESD

on Plastics Additive and th&011 ESD on Chemical Industnyay be usefulEPA will need to
critically review these generic scenarios and ESDs to determine their applicability to the
conditions of use assessed.

EPA Generic Scenis are available at the followingttps://www.epa.gov/tsescreening
tools/usingpredictive methodsassesgxposureandfateundertsca#fate

OECD Emission Scenario Documents are available at the following:
http://www.oecd.org/chemicalsafety/riglssessment/emissionscenariodocuments.htm

EPA was not able to identify release scenarios corresponding to several condition@af.use
recycling, construction and demolitioof) products containing HBCIEPA may onduct

industry outreach efforts, or perform supplemerttaigetediterature searches to better

understand the process steps involved in that condition of use before a release assessment can be
made

Map or group each condition of use to a release asse®ent scenario(s).

EPA has identified release scenarios and mafpedyroupedjhem torelevantconditions of

useas shown iB.2. EPA was not able to identify release scenarios correspondsagrte

conditions of usé€e.g. recycling, construction and demolitioBPA will perform targeted

research to understand those uses, which may inform identification of release scéR#xios.

may further refine the mapping/groupingrefeasescenarios based on factors (e.g., process
equipment and handling, magnitude of productiolume used, and exposure/release sources)
corresponding to conditions of use as additional information is identified during risk evaluation.
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7) Evaluate the weight of evidence of environmental release data.

EPA will rely on the weight of the scientifevidence when evaluating and integrating
environmental releas#ata. The data integration strategy will be designed to4erfiurpose in
which EPA will usesystematic review methods to assemble the relevant data, evaluate the data
for quality and releance, including strengths and limitations, followed by synthesis and
integration of the evidence.

2.6.1.2 Environmental Fate
EPA expects analyze fate and transport in environmental media as follows:

1) Reviewreasonablyavailable measured or estimated environmentdate endpoint data
collected through the literature search.

A general overview of persistence and bioaccumulation was presented BGAeWork Plan
ChemicalProblem Formulatiomand Initial Assessment for HBC.S. EPA, 2015t Key
environmetal fate characteristics were included in $wpe of the Risk Evaluation for HBCD
(U.S. EPA, 2017rand in previous assessments of HBCD, including those conductbd b\s

EPA (U.S. EPA, 2014/2008, Australian National Industrial Chemicals Notification and
Assessment SchenfeICNAS, 20120, Environment Canad@&nvironment Canada, 20),1
European Inventory of Existing Commercial Chemical Substgiide&ECS, 2008 and the
Organization for Eanomic Cooperation and Development Screening Information Datasets
(OECD, 2007k These information soaes will be used as a starting point for the environmental
fate assessment. Other sources that will be consulted include those that are identified through the
systematic review process. Studies will be evaluated using the evaluation strategies laid out in
the Application of Systematic Review in TSCA Risk Evalualor$s EPA, 2018

If measured valuesulting from sufficiently higlguality studiesare not availabléo be
determined through the systematic review procets®mical properties will be estimated using
EPI Suite, SPARC, and other chemical parameter estimation madeteated fate properties
will be reviewed for applicability and quality.

2) Using measured data and/or modeling, determine the influence of @mnmental fate
endpoints (e.qg., persistence, bioaccumulation, partitioning, transport) on exposure
pathways and routes of exposure to human and environmental receptors.

Measured fate data including volatility from water, sorption to organic matseiliand

sediments, aqueous and atmospheric photolysis rates, and aerobic and anaerobic biodegradation
rates along with physicathemical propertieand models such as the EPI SHitSTP model

(which estimates removal in wastewater treatment due to dsotp sludge and volatilization

to air), will be used to characterize the movemertiBCD within and among environmental

media and the persistenceHBCD in media.
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3)

Evaluate the weight of the evidence of environmental fate datavhich include qualitative
and quantitative sources of information

EPA will rely on the weight of the scientific evidence when evaluating and integrating
environmental fatelata. The data integration strategy will be designed to4erffiurpose in

which EPA will usesysteméc review methods to assemble the relevant data, evaluate the data
for quality and relevance, including strengths and limitations, followed by synthesis and
integration of the evidence.

2.6.1.3 Environmental Exposures

EPA expects to analyzthe following in deviping itsenvironmental exposure assessnwiiBCD:

1)

2)

3)

Review available environmental and biological monitoring data for all media relevant to
environmental exposure.

For HBCD, environmental media which will laaalyzed are sediment, soil, and surface water.

In addition, air deposition of HBCD, effluent, landfill leachate, and biosolids may contribute to
HBCD levels in sediment, soil, and surface water. Biological media which walhlyzd are
targeted species pfedatory birds, fish, and invertebratEsll-text screening is underway, but

not yet complete and over 100 monitoring studies have been identified across all media types.

Review reasonably available information on releases to determine how modeledirastes
of concentrations near industrial point sources compare with available monitoring data.

Available environmentaéxposure model$at meet the TSCA Science Standardstaat

estimate surface water, sediment, and soil concentrations vaildlgzd and considered

alongside available surface water, sediment, and soil monitoring data to characterize
environmental exposures. Modeling approaches to estimate surface water concentrations,
sediment concentrations and soil concentrations generally cotisgd®llowing inputs: direct

release into surface water, sediment, or soil, indirect release into surface water, sediment, or soil
(i.e., air deposition), fate and transport (partitioning within media) and characteristics of the
environment (e.g., rivdtow, volume oflake, meteorological data).

Review reasonably available biomonitoring data for predatory bird species. Consider
whether these data could be used to compare with comparable species or tspecific
toxicological benchmarks.

Predatory bird species that consume fish with elevated levels of HBCD aitidbgzd. If
speciesspecific biomonitoring data matches toxicity studies, direct comparisons can be made.
EPA will also consider refining data for other species by using boayhtvef the birds, fish
ingestion rate of birds, and typical fish species consumed.
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4) Determine applicability of existing additional contextualizing information for any
monitored data or modeled estimates during risk evaluation.

There have been changeause patterns of HBCD over the last few years. Monitoring data or
modeled estimates will be reviewed to determine how representative they are of ongoing use
patterns.

Any studies which relate levels of HBCD in the environment or biota with specificesoar
groups of sources will be evaluated.

HBCD has been widely studied with several monitoring studies reporting detected levels in biota
and the indoor and outdoor environment. However, many of these monitoring studies do not
attempt to describe potesl sources or groups of sources that could have resulted in the
presence of HBCD in a given media. EPA will evaluate all monitoring studies, and note any
monitoring studies that include some description of source attribution.

5) Group each condition(s) of use to environmental assessment scenario(s).

Refine and finalize exposure scenarios for environmental receptors by considering unique
combinations of sources (use descriptors), exposure patlinwehyding routesandpopulations
exposed. For HBCD, the following are noteworthy considerations in constructing exposure
scenarios for environmental receptors:
- temporal trends in uses and resulting sources of HBCD to the environment over time
- overall persistence in the environment &mhccumulation into a wide variety of aquatic
and terrestrial species
- characterization of background levels in the environment that are not generally attributable
to any one use or source
- possible interactionsithin food-chainsand relative contributionf dietary vs. non
dietary sources for predatory animals

6) Evaluate the weight of evidence of environmental occurrence data and modeled estimates.

Both environmental occurrence data and modeled estimates will be evaluated PPl

rely on the weaght of the scientific evidence when evaluating and integratiwgyonmental
occurencedata. The data integration strategy will be designed to4erffiurpose in which

EPA will usesystematic review methods to assemble the relevant data, evaluadéather d

guality and relevance, including strengths and limitations, followed by synthesis and integration
of the evidence.

26.1.4 Occupational Exposures
EPA expects to analyze both worker and occupationalisen exposures as follows:

1) Review reasonably availake exposure monitoring data for specific condition(s) of use.
No occupational exposure limits have been established or recommended by OSHA or NIOSH.
EPA expects to review monitoring data found in published literaturedimgyubothpersonal
exposure monitoring data (direct exposure) and area monitoring data (indirect exp&sthes).
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2)

3)

4)

5)

has identified data sources that contagasureanonitoringdata and or/estimatethta for the

various conditions of uggncluding import and processj of HBCD) for example, HBCD risk
assessments published by the European Chemicals Agency, Environment Canada, and
Australiads Department of He athetdatasolrddgs wi | | r
identified inAppendix B to extract relevant data for consideration and analysis during risk
evaluation.

Review reasonably available exposure data for surrogate chemicals that have uses,
volatility and chemicd and physical properties similar toHBCD.

EPA has not identified surrogate chemicals and data that can be used for estimating occupational
exposures to HBCD at this timBased on cursory review of some data sources, EPA does not
anticipate a need to identify surrogate data. However, if surrogate data are needed to augment
HBCD-specific dataEPA will review literature sources identified and if surrogate data are

found, these data will be matched to applicable conditions of use for potentially filling data gaps.

For conditions of use where data are limited or not available, review existing exposure
models that may be applicable in estimating exposutevels.

EPAhas denti fied potentially relevant OECD ESD
conditions of use, for examplthe2009 ESD on Plastics Additiseand th&011 ESD on

Chemical IndustryEPA will need to critically review these generic scenarios and ESDs to
determine their applicability to the conditions of use asse$ded.was not able to identify

release scenarios corresponding to several conditions (¢.gseecycling, construction and
demolition)of products containing HBCEPA may conduct industry aeiach effortor

perform supplementatargetediterature searches to better understand the process steps involved
in thoseconditiors of use EPA will considerthe applicability ofexposuranodels in the

Chemical Screening Tool for Occupational Exposrd ReleasdChemSTEHR.S. EPA,

2013)] tool that are routinely used for asseng new chemical® assess inhalation exposures

during various conditions of usEPAmay also need to perform targeted research to identify
othermodels that EPAoulduse to estimate exposures for certain conditions of use.

Review reasonably availal® data that may be used in developing, adapting or applying
exposure models t@ particular risk evaluation scenaria

This step will be performed after Steps #2 an@#3completedBased on information

developed from Steps #2 and #3, EPA will evaluate relevant data to determine whether the data
can be used tdevelop adapt, or apply models for specific conditions of use (and corresponding
exposure scenarios).

Consider and incorpaate applicable engineering controls and/or personal protective
equipment into exposurescenarios.

EPA will reviewpotentiallyrelevant data sources on engineering controls and personal

protective equipment as identifiedAppendix Bto determine their applicability and
incorporation into exposure scenarios during risk evaluation.
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6) Map or group each condition of use to occupational exposure assessnsa@nario(s).

EPA has identifie@bccupational exposuszenarios and mapped thenreétevantconditions of
use(seeB.2). As presented in the fourth columnTiable_ApxC-1. Worker and Occupational
Non-UserExposureConceptual Model Supporting TabEPA has grouped the scenarios iBito
representative release/exposure scenarios of whagh be furtheranalyz2d.EPA was not able
to identify occupationascenarios correspondinggome conditions of use.{g recycling,
construction and demolitionEPA may further refine the mapping/grouping of occupational
exposure scenarios based on factors (e.g., process equipment and handling, magnitude of
production volume used, and exposure/release sources) codiggptmnconditions of use as
additional information is identified during risk evaluation.

7) Evaluate the weight of the evidence of occupational exposure dat@hich may include
gualitative and quantitative sources of information

EPA will rely on the weight of the scientific evidence when evaluating and integrating
occupationatlata. The data integration strategy will be designed to4berffiurpose in which

EPA will usesystematic review methods to assemble the relevant dataasvthe data for

guality and relevance, including strengths and limitations, followed by synthesis and integration
of the evidence.

2.6.1.5 Consumer Exposures
EPA expects to analyze both consumers using a consumer product and bystanders associated with the
consumer using the product as follows:

1) Group each condition of use to consumer exposure assessment scenario(s).

Refine and finalize exposure scenarios for consumers by considering unique combinations of
sources@ngoingconsumer uses), exposure pathwiagtuding routesandexpased populations

For HBCD, the following are noteworthy considerations in constructomgumeexposure
scenarios:

- reasonably availabli@formationon sources including the concentration of HBCD in
newly made orrecycled consmer products and articles including temporal trends
associated with suahformation

- information characterizing the release potential of HBCD from products and articles into
the indoor environment through diffusion from materials to air, physical abrasient
transfer to dust, or leaching ingaveat, and skin qil

- populations who may bmore greatlyexposed to products, including potentially exposed
and susceptible subpopulations such as infants, children, pregnant women; and,

- the associated exposumting and route for exposed populations.
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2) Evaluate the relative potential of indoor exposure pathways based on available data.

Indoor exposure pathways expected to be relatively higher include dust ingestion and mouthing
of products. Indoor exposurethways expected to be relatively lower include inhalation of

indoor air, dermal contact with dust and articles. The data sources associated with these
respective pathways have not been comprehensively evaluated, so quantitative comparisons
across exposungathways or in relation to toxicity thresholds are notayetilable

3) Review existing indoor exposure models that may be applicable in estimating indoor air,
indoor dust concentrations, or indoor dust surface loadings.

Indoor exposure models thegtimate emission and migration of SVOCs into the indoor
environment are available. These models generally consider mass tesnsfi@emed by the
gasphase mass transfer coefficient, the spldse diffusion coefficient, and the mategaal
partitioncoefficient. In addition, direct transfer to surface dust or physical abrasion may
influence emissions over time. These properties vary based on ptofsoaical properties and
properties of tndoer Emrieohneental @ohcentr@iéh® im Blidgs with
Conditioned and Unconditioned ZonésCCU) model and other similar models can be used to
estimate indoor air and dust exposures from indoor sources.

4) Review reasonably available empirical data that may be used in developing, adapting or
applying exposure models t@ particular risk evaluation scenaria For example, existing
models developed for a chemical assessment may be applicable to another chemical
assessment if model parameter data are available.

To the extent other organizations have already modeled an HBCD consumer exposure scenario
that is relevant to OPPT6s assessment, EPA w
other chemicals similar to HBCD have been modeled for similar thsese modeled estimates

will also be evaluated. The underlying parametersamsdmptionsf themodelswill also be

evaluated.

5) Review reasonably available consumer produespecific sources to determine how those
exposure estimates compare with each othand with indoor monitoring data reporting
HBCD in specific media (e.g.dust or indoor air).

The availability of HBCD concentration for various ongoing uses will be evaluated. This data
provides the source term for any subsequent indoor modeling.eSattnibution between overall
indoor air and dust levels and various indoor sources wihiadyz2d.

6) Review reasonably available populationor subpopulation-specific exposure factors and
activity patterns to determine if potentially exposed or susceptie subpopulations needo
be further refined.

For HBCD, exposure scenarios that involve potentially exposed and susceptible subpopulations
will consider agespecific behaviors, activity patterns, and exposure factors unique to those
subpopulationsFor exkample, childrerspend different amounts of time in microenvironments
throughout the day.
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7) Evaluate the weight of the evidence of consumer exposure estimates based on different
approaches.

EPA will rely on the weight of the scientific evidence when evaluating and integdatiag
related toconsumer exposuré&he weight of the evidence may include qualitative and
quantitative sources of informatiohhe data integration strategy will be dg®d to be fitfor-
purpose in which EPA will usgystematic review methods to assemble the relevant data,
evaluate the data for quality and relevance, including strengths and limitations, followed by
synthesis and integration of the evidence.

2.6.1.6 General Popuation
EPA expects tanalyzegeneral populatioexposures as follows:

1) Refine and finalize exposure scenarios for general population by considering unique
combinations of sourcesand uses exposure pathwaysncluding routes, and exposed
populations.

For HBCD, the following are noteworthy considerations in constructing exposure scenarios for
the general population:
- temporal trends in uses and resulting sources/releases of HBCD to the environment over
time;
- overall persistence in the environment armhbcumulation into a wide variety of aquatic
and terrestrial species relevant to human consumption
- characterization of background levels in the environment that are not generally
attributable to any oneondition ofuse or sourgeand,
- consideration of sgtial differences between populations located near industrial point
sources and those exposed at lower background levels.
- releases to the environmekRbrHBCD, TRI releases are expected to be reported for
2017. These releases are not yet linked specific lifecycle stage and ugepproaches
for estimating exposures frothe conditions of usas they relate to the reported TRI
emissionswill be further explored.

EPA plans to evaluate a variety of data types to determine which types are mastiaigoro

when quantifying exposure scenarios. Environmental monitoring data, biomonitoring data,
modeled estimates, experimental data, epidemiological data, and-basexy data can all be

used to quantify exposure scenarios. In an effort to associateuexssimates with sources of
exposure and/or conditions of use, EPA will consider source apportionment across exposure
scenarios during risk evaluatioEPA anticipates that there will be a wide range in the relative
exposure potential of the exposurersarios identified i\ppendix C Source apportionment
characterizes the relative contribution of any of the following: a use/source toward a total media
concentrdbn, a media concentration toward a total exposure route, or an exposure route toward
a total external or internal dose. This consideration may be qualitativegaantitative, or
guantitative, and is dependent upon available data and approaches.moleekEP A may

consider the cdocation of TSCA industrial facilities with available monitoring data or modeled
estimates. EPA may compare modeled estimates for discrete outdoor and indoor sources/uses
that apply to unique receptor groups. If available, BRAcompare multiple scenarispecific

Page66of 115



2)

3)

4)

5)

and background exposure doses estimated from mpdiafic concentrations and exposure
factors with available biomonitoring data. The forwasedculated and baetalculated exposures
could be compared to characrerithe relative contribution from defined exposure scenarios.

After refining and finalizing exposure scenarios, EPA will quantify concentrations and/or doses
for these scenarios. The number of scenarios will depend on how unique combinations of uses,
exposure pathways, and receptors are characterized. The number of scenarios is also dependent
upon the available data and approaches to quantify scenarios. When quantifying exposure
scenarios, EPA plans to use a tiered approach-tlarsinalysis is basecalata that is readily
available without a significant number of additional inputs or assumptions, and may be
gualitative, semguantitative, or quantitative. Firier analyses were conducted during problem
formulation and are expected to continue durislg evaluation. The results of first tier analyses
inform whether scenarios require more refined analysis. Refined analyses will be iterative, and
require careful consideration of variability and uncertainty. Should data become available that
summarily ders the overall conclusion of a scenario through iterative tiering, EPA can refine its
analysis during risk evaluation.

Review available environmental and biological monitoring data for exposure pathways and
media to which general population exposuresra expected.

General population exposure pathways expected to be relatively higher inttkidey ingestion
for lipid rich food sources, soil ingestion, sediment ingestion, and inhalation of suspended
particles General population exposure pathwayseeted to be relatively lower include

drinking water, dietary ingestion for ndipid rich food sources, incidental ingestion of surface
water andsuspended particulatésiring recreation, and dermal contact with partidies.
addition,dust ingestion israimportant pathway that will be considered for consumer exposure
as well for general population exposure. The data sources associated with these respective
pathways have not been comprehensively evaluated, so quantitative comparisons across
exposure pathays or in relation to toxicity thresholds are notaedilable

For exposure pathways where empirical data is not available, review existing exposure
models that may be applicable in estimating exposure levels.

For HBCD, media where exposure modeld é considered for general population exposure
include models that estimate ambient air concentrations, surface water concentrations, sediment
concentrations, soil concentrations, and uptake from aquatic and terrestrial environments into
edible aquatic ahterrestrial organisms.

Consider and incorporate applicable mediaspecific regulations into exposure scenarios or
modeling approaches

Review available exposure modet estmates. For example, existing models developed for
a previous HBCD chemical assessment may be applicable EoP A assessmentin addition,
another chemicab assessmentay also be applicabléf model parameter data are
available.
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To the extent other organizations have already modeled an HBCD general population exposure

scenari o that is relevant to OPPTO6s assessme

addition, ifmodeled estimates fother chemicalsvith similar physical chemical properties and
similar uses are availablénose modeled estimates will alsodw@luated. The underlying
parameters anassumptionsf themodelswill also be evaluated.

Review available information on releases to determine how modeled estimates of
concentrations near industrial point sources compare with available monitoring data

The expected releases from industrial facilities are changing over time. Any modeled
concentrations based on recent release estimates will be carefully compared with available
monitoring data to determine representativeness.

Review availableinformation about population- or subpopulation-specific exposure factors
and activity patterns to determine if potentially exposed or susceptible subpopulations need
to be further defined (e.g., early life and/or puberty as a potential critical window of
exposure)

For HBCD, exposure scenarios that involve potentially exposed and susceptible subpopulations
will consider agepecific behaviors, activity patterns, and exposure factors unique to those
subpopulationsFor example, children will have different intaleges for dust, soil, and diet than
adults.

Evaluate the weight of the evidence of general population exposure estimatesed on
different approaches

EPA will rely on the weight of the scientific evidence when evaluating and integrating data
relatedto general population exposuré@se weight of the evidence may include qualitative and
guantitative sources of informatiohhe data integration strategy will be designed to bifit
purpose in which EPA will usgystematic review methods to assembéeréievant data,

evaluate the data for quality and relevance, including strengths and limitations, followed by
synthesis and integration of the evidence.

2.6.2 Hazards (Effects)

2.6.2.1 Environmental Hazards
EPA will conduct an environmental hazard assessment of HBDIlows:

Review reasonably available environmental hazard data, including data from alternative
test methods (e.g., computational toxicology and bioinformatics; higthroughput screening
methods; data on categories and readcross; in vitro studies).

- Environmental hazard data will be evaluated using the ecological toxicity data quality criteria
outlined in theApplication of Systematic Review in TSCA Risk Evaluatioosment. The
study evaluation results will be documented in the risk evaluatiore @masdata from
suitable studies will be extracted and integrated in the risk evaluation process.
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- Conduct hazard identification (the qualitative process of identifying acute and chronic
endpoints) and concentrativesponse assessment (the quantitaglegionship between
hazard and exposure) for all identified environmental hazard endfsintsble
environmental hazard data will be reviewed for acute and chronic endpoints for mortality and
other effects (e.g. growth, immobility, reproduction, etcBAEwill evaluate the character of
the concentratiomesponse relationshipé. positive, negative or no response) as part of the
review.

Derive aquatic and terrestrial concentrations of concern (COC) for acute and, where
possible, chronic endpoints.

Theaquatic environmental hazard studies may be used to derive acute and chronic
concentrations of concern (COC) for mortality, behavioral, developmental and reproductive or
other endpoints determined to be detrimental to environmental populations. Depenthiag o
robustness of the evaluated data for a particular orgaeignaquatic invertebrates),
environmental hazard values (e.g.xECx/NOEC/LOEC, etc.) may be derived and used to
further understand the hazard characteristics of HBCD to aquatic species.

Evaluate the weight of the evidence of environmental hazard data.

EPA will rely on the weight of the scientific evidence when evaluating and integrating
environmental hazard data. The data integration strategy will be designed tob@ditpose.
EPAwill use systematic review methods to assemble the relevant data, evaluate the data for
guality and relevance, including strengths and limitations, followed by synthesis and integration
of the evidence.

Consider the route(s) of exposure, available biomatoring data and available approaches
to integrate exposure and hazard assessments.

- Based on the physicahemical and fate properties (low water solubility aigh
absorption), EPA plans to considbe aquatic, sediment and terrestrial pathways in the
HBCD conceptual model. These organisms are likely to be exposed to HBCD in liquid waste
from industrial wastewater treatment facility, municipal and hamewaaste landfills and
incineration of muni@al hazardous waste pathways. These pathways can result in
groundwater and eventually surface water exposure to terrestrial, aquatic and sediment
organisms.

- EPA plans to oansderbenthic and pelagic species in the HBCD conceptual model. HBCD
exposure fronPOTWs can affect these organisms and trophic magnification could result
from over exposure following bioaccumulation of HBCD.

- EPA plans taonsidersoil organisms in the HBCD conceptual model. Land application of
biosolids containing HBCD could transfer $oil thus exposing terrestrial organisms.

Conduct an ecological risk characterization of HBCD.

EPA plans to conduct a risk characterization of HBCDetermine whether there are risks to the
aqguatic and/or terrestrial environments from the measured levels of HBCD found in wastewater,
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surface water, sediment or soil. The data for environmental monitoring and toxicity will be used
in this risk assessmett determine if

- Theacute exposure to levels of HBCD measured in wastewater in the US pose risks for
adverse effects in aquatitvertebrates, fish, or plants.

- Thechronic exposure to levels of HBCD measured in surface water in the US pose risks for
advese effects in aquatic invertebrates, fish, or plants or terrestrial species

- Thechronic exposure to levels of HBCD measured in sediment in the US pose risks for
adverse effects in sedimethivelling invertebrates

Environmental riskwill be characterizedycalculating risk quotientd)RQs)(U.S. EPA,

1998 Barnthouse et al., 1982The COCs derived from aquatic and terrektiiganisms
hazard datavill be used to calculate RQThe environmental concentration for each
compartment (i.e., wastewater, surface water, sediment, soil) will be based on maadured
modeledconcentrations of HBCD.

6) Conduct a Persistent, Bioaccumulative, and Toxic (PBT) Assessment of HBCD.

EPA will assass the persistence, bioaccumulation, and toxic (PBT) potential of HBCD in
accordance with U.S. EPA Final Water Quality Guidance for Great Lakes SYs$t8nt-PA,

1995. EPA will assess the available studies collected from the systematic review process
relating to bioaccumulation and bioconcentration (BAF/BCF) of HBI@ddition,EPA will

integrate traditional environmental hazard endpoint values (e.gp, LGEC) and gposure
concentrations (e.g., surface water concentrations, tissue concentrations) for HBCD with the fate
parameters (BAF/BCF/BMF/TMF).

2.6.2.2 Human Health Hazards
EPA expects to analyze human health hazards as follows:

1) Reviewreasonablyavailable human healthhazard data, including data from alternative
test methods (e.g., coputational toxicology and bioinformatics; high-throughput screening
methods; data on categories and reaecross;in vitro studies; systems biology)

Human healttstudies will be evaluatagsing theevaluationstrategies laid out in th&pplication

of Systematic Review in TSCA Risk Evaluat{@h§. EPA, 2018 For the HBM risk

evaluation, EPA will evaluate information in tReeliminary Materials for the IRIS

Toxicological Review of HBCRJ.S. EPA, 2014)] Strategy for Conducting Literature Searches

for Cyclic Aliphatic Bromine Cluster (HBCD): Supplemental Document to the TSCA Scope
DocumenfU.S. EPA, 2017f2002, andstudies published aft@015that were captured in the
comprehensive literature search conducted by the agency for KiBgilic Aliphatic Bromides

Cluster (HBCD) (CASRN: 256399-4; 319455-6; 319457-8) Bibliography: Supplemental File

for the TSCA Scope DocumébtS. EPA, 2017pusingOPPTds structured pro
the documentApplication ofSystematic Review in TSCA Risk Evaluations

Mechanistic data may include analyses of alitive test data such as noiwrelitro test methods
and high throughput screening. The association between acute and chronic exposure 8cenarios
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the agenaindeach health outcome will also be integrated. Study results will be extracted and
presented irvidence tables or another appropriate format by organ/system.

In evaluating reasonablyavailable data, determine whether particular human receptor
groups mayhave greatersusceptiblity t o t he ¢ h e mi thaathégenetala z ar d ( s)
population.

Reasonably available human health hazard data will be evaluated to ascertain whether some
human receptor groups may have greater susceptibility than the general populdB&@Txo
hazard(s). Susceptibility of particular human receptor group8©D will be determined by
evaluating information on factors that influence susceptibility.

EPA has reviewed some sources containing hazard information associated with susceptible
populations and lifestages such as pregnant women and infants. Pregnancy (iien)gastht
childhood are potential susceptible lifestages for HBCD expofheedocumenCyclic

Aliphatic Bromides Cluster (HBCD) (CASRN: 2563%*4; 319455-6; 319457-8)

Bibliography: Supplemental File for the TSCA Scope Docufest EPA, 2017pcontains a

list of studies that will be evaluated to ascertain whether some human receptor groups may have
greater susceptibility than the gener al popu
further examine the availability of any new chemispécific information on susceptible

populations or the distribution of susceptibility in the general population sindethe Work

Plan Prokem Formulation and Initial AssessmgbtS. EPA, 2015cand their impact in

decreasing or increasing the default uncertainty factors for variability. EPA will review the
current state of the literature since #eCA Work Plan Problem Formulation and Initial
AssessmenfU.S. EPA, 2015xin order to potentially quantify these differences for risk

evaluation purposes.

Conduct hazard identification (the qualitative process of identifyirg non-cancer and cancer
endpoints) and doseesponse assessment (the quantitative relationship between hazard
and exposure) for identified human health hazard endpoints.

Human health hazards from acute and chronic exposures will be identified by egelbati
human and animal data that meet the systematic review data quality criteria described in the
Application ofSystematic Review in TSCA Risk Evaluatdo=umen{U.S. EPA, 2018 Data
quality evaluation will be performed on key studies identified floexTSCA Work Plan

Problem Formulation and Initial Assessm@uniS. EPA, 2015k Preliminary Materials for the
IRIS Toxicological Review of HBC.S. EPA, 2014)] Strategy for Conducting Literature
Searches for Cyclic Aliphatic Bromine Cluster (HBCD): Sappental Document to the TSCA
Scope Documep.S. EPA, 20172002, andstudies published after 2015 that were captured
in the comprehensivéérature search conducted by the agency for HBCYl{c Aliphatic
Bromides Cluster (HBCD) (CASRN: 2568%4; 319455-6; 319457-8) Bibliography:
Supplemental File for the TSCA Scope Docum@ht. EPA, 2017h Hazards identified by
studies meeting data quality criteria will be grouped by routes of exposure relevant to humans
(oral, dermal, inhalation) and by cancer and noncancer endpoints.

Doseresponse assessment will be performed in accordance witly&@Bace(U.S. EPA,
201232011, 1994. Doseresponse analyses may be used if the data meet data quality criteria
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4)

5)

6)

and if additional information on the identified hazard endpoints aravadiable or would not
alter the analysis.

The cancer mode of action (MOA) determines how cancer risks can be quantitatively evaluated.
If cancer hazard is determined to be applicable to HEEFA will evaluate information on
genotoxicity and the mode of action for all cancer endpoints to determine the appropriate
approach for quantitative cancer assessment in accordance with the U.S. EPA Guidelines for
Carcinogen Risk Assessmdit.S. EPA, 200h

Derive points of departure (PODs) where appropriate; conduct benchmark dose modeling
depending on the available data. Adjust the PODs as approjate to conform (e.g., adjust
for duration of exposure) to the specific exposure scenaricsvaluated

Hazard data will be evaluated to determine the type ofdisgmnse modeling that is applicable.
Where modeling is feasible, a set of dosgponse models that are consistent with a variety of
potentially underlying biological processes will be appliedrtpirically model the dose
response relationships in the range of the observed data consistent with tBerieRAark

Dose Technical Guidance DocumeWthere doseesponse modeling is not feasible, NOAELs
or LOAELSs will be identified Non-quantitative dat will also be evaluated for contribution to
weight of evidence or for evaluation of qualitative endpoints that are not appropriate for dose
response assessment.

EPA will evaluate whether the available PBPK and empirical kinetic models are adequate for
route-to-route and interspecies extrapolation of the POD, or for extrapolation of the POD to
standard exposure durations (e.g., lifetime continuous exposure). If application of the PBPK
model is not possible, oral PODs may be adjusted by‘B3aling in acerdancewith U.S. EPA
(2011) and inhalation PODs may be adjusted by exposure duration and chemical properties in
accordance with).S. EPA (1994)

Evaluate the weight of the evidence of human health hazard data.

EPA will rely on the weight of the scientific evidence when evaluating and integrating human
healh hazard data. The data integration strategy will be designed teftegiirpose in which
EPA will use systematic review methods to assemble the relevant data, evaluate the data for
quality and relevance, including strengths and limitations, followesl/bthesis and integration

of the evidence.

Consider the route(s) of exposure (oral, inhalation, dermal), available rout®-route
extrapolation approaches, available biomonitoring data and available approaches to
correlate internal and external exposurs to integrate exposure and hazard assessment.

At this stage of reviepEPA believes therwill be sufficient data to conduct dosesponse

analysis anbr benchmark dose modeling for the oral route of exposure. EPA will also evaluate
any potential humahealth hazards following dermal and inhalation exposure to HBCD, which
could be important for worker, consumer, and general population risk analysis. Available data
will be assessed to determine whether or not a point of departure can be identifiediéonhle
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and inhalation routes. This may include using rdateoute extrapolation methods where
appropriate, and depending on the nature of available data.

If sufficient toxicity studies are not identified in the literature search to assess riskseimoial d
and inhalatiorexposures, then a rodte-route extrapolation from oral toxicity studies would be
needed to assess systemic risks from deom@halationexposures. Without an adequate PBPK
model, the approaches described in the EPA guidance dotRis& Assessment Guidance for
Superfund Volume |: Human Health Evaluation Manual (Part E, Supplemental Guidance for
Dermal Risk Assessmefit).S. EPA, 200)could be appliedo extrapolate from oral to dermal
exposure These approaches may be able to further inform the relative importance of dermal
exposures compared with other routes of expoSineilar methodology may also be used for
assessing inhalation exposures.

2.6.3 Risk Characterization
Risk characterization is an integral component of the risk assessment process for bgtbatewid
human healthriskE PA wi I I derive the risk ch&®&skcterizat:.i
Characteization HandbooKU.S. EPA, 200pAs d e f i nReskl ChEr&#rization Poligfithe risk
chaacterization integrates information from the preceding components of thevaklatiorand
synthesizes an overall conclusion about risk that is complete, informative and useful for decision
makerso Risk characterization is considered to be a conscious and deliberate process to bring all
important considerations about risiqt onlythe likelihood of the risk but also the strengths and
limitations of the assessmennd a description of how othersveaassessed the risk into an integrated
picture.

Risk characterizatioat EPA assumes different levels of complexity depending on the nature of the risk
assessment being characterized. The level of information contained in each risk characterization varie
according to the type of assessment for which the characterization is vReggardless of the level of
complexity or information, the risk characterization for TSCA risk evaluations will be prepared in a
manner that is transparent, clear, consistard,reasonable (TCCR).S. EPA, 2000 EPA will also

present information in this section consistent with approaches descrithedPiocedures for Chemical

Risk Evaluatiorlnder the Amended Toxic Substances Control B2tHR 3372§. For instance, in the

risk characterization summary, EPA will further carry out the obligations under TSCA segtian 2

example, by identifying and assessing uncertainty and variability in each step of the risk evaluation,
discussing considerations of data quality such as the reliability, relevance and whether the methods
utilized were reasonable and consistent, @xptg any assumptions used, and discussing information
generated from independent peer review. EPA wi l
GuidelineqU.S, 2002 as it provides guidance for presenting risk informati@onsistent with those
guidelines, in the risk characterization, EPA will also identify: (1) Each population addressed by an
estimate of applicable risk effects; (2) the expected risk orateggtimate of risk for the potentially

exposed or susceptible subpopulations affected; (3) each appropriatéooppeéror lower bound

estimate of risk; (4) each significant uncertainty identified in the process of the assessment of risk effects
and thestudies that would assist in resolving the uncertainty; and (5) peer reviewed studies known to the
Agency that support, are directly relevant to, or fail to support any estimate of risk effects and the
methodology used to reconcile inconsistencies indlensfic information.
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APPENDICES

Appendix A

REGULATORY HISTORY

The chemical substance, HBCD, is subject to federal and state laws and regulations in the United States.

The federal laws and regulations apghileato HBCD are listed along with the regulating agencies
below inTable_ApxA-1. States also regulate HBCD through state laws and regulations, avhialso
listed within this section iTfable_ApxA-2.

A.l

Federal Laws and Regulations

Table Apx A-1. Federal Laws and Regulations

Statutes/Regulations

Description of Authority/Regulation

Description of Regulation

Toxic Substances
Control Act TSCA) i
Section 5(a)

Once EPA determines that a use of a chemic
substance is a significant new use under TS(
section 5(a), persons are required to submit g
significant new use notice (SNUN) to EPA at

least 90 days before they manufacture (inclug
import) or process the chemical substance fol
that use.

In September 2015, EPA
promulgated a SNUR to
designate manufacture of
processing of HBCD for
use as a flame retardant i
consumer textiles (apart
from use in motor
vehicles) as a significant
new use. Manufacturers
(which includes importers
and processors are requif
to notify EPA 90days
before commencing the
activity (80 FR 57293,
September 23, 2015).

TSCAT Section 6(b)

EPAIs directed to identify ad begin risk
evaluations on 10 chemical substances drawt
from the 2014 update of the TSCA Work Plan
for Chemical Assessments.

Cyclic Aliphatic Bromide
Cluster (HBCD) is on the
initial list of chemicals to
be evaluated for
unreasonable risk under
TSCA (81FR 91927,
December 19, 2016).

TSCAT Section 8(a)

The TSCA section 8(a) CDR Rule requires
manufacturers (including importers) to give E
basic exposureelated information on the typeg
quantities and uses of chemical substances
produced domestically anchported into the
United States.

HBCD manufacturing
(including importing),
processing, and use
information is reported
under the CDR rule (76 F
50816, August 16, 2011)

TSCAT Section 8)

EPA must compile, keep current and publish

list (the TSCA Invetory) of each chemical

HBCD (CASRN 25637
99-4 and CASRN 319485
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Statutes/Regulations

Description of Authority/Regulation Description of Regulation

substance manufactured, processed or impor|6) was on the initial TSCA

into the United States. Inventory and therefore
was not subj
new chemicals review
process (60 FR 16309,
March 29, 1995).

Emergency Planning

and Community Right
to-Know Act EPCRA
i Section 313

speific industry sectors that employ 10 or mo| TRI under 81 FR 85440
full-time equivalent employees and that effectiveNovember 28,

Requires annual reporting from facilities in | EPA listed HBCD on the

manufacture, process or otherwise use a TRI|2016 The first TRI
listed chemical in quantities above threshold |reporting deadline for
levels. HBCD is July 1, 2018.

A.2  State Laws and Regulations

Table Apx A-2. State Laws and Regulations

State Actions

Description of Action

Classification of HBCD
asChemicalof Concern
to Children law
requring reporting by
manufacturers

Maine classifies HBCD as a chemical of high concéfaife 38 M.R.S.A.
8§ 1693A(1))

Maine requires manufacturers or distributers to report the use of deca
and/or hexabromocylododecamdjen intentionally added to certain
chil drenbés products which are s
deadline was August 31, 2017. (Rule Chapter 889)
http://www.maine.gov/dep/safechem/

Minnesota classifies HBCD as a chemical of high con€Boric Free Kids
Act Minn. Stat. 2010 116.940116.9407)

Oregorts Toxic-Free Kids Act requires manufacturers of children's prog
sold in Oregon to report products containing HBCD or other high prior
chemicals of concern for children's health tifid at or above specific

levels in those products. Ultimately, manufacturers are to remove thes
chemicals from certain products or seek a waiver. Products that fall ur
this law are those that are marketed to or intended for children. The fir
deadlinefor providing notice was January 2018.

Washington requires manufacturers of children's products sold in
Washington to report if their product contains certain chemicals of higk
concern to children, including HBCD. The law also bans from manufac
orsale, in the state, childrenos
containing >1,000 ppm of fivéadme retardants, including HBCDMash.
Admin. Code § 17334130
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State Actions Description of Action

Other In California, HBCD is listed as an initial informational candidate unde
Cali forniads Safer Consumer Pr o
65 list(Cal. Code Regs, tit. 22, § 69502.3, subd. (a))

California lists HBCD as a designated priority chemical for biomonitori
However, California has not yet started biomonitoring HBCIalifornia
SB 1379)

The Oregon Department of Environmental Quality lists HBCD as a pri
persistent pollutant andiplishes use, exposure pathways and release ¢
for HBCD (Oregon SB 73y

In Massachusetts, HBCD will be reportable under the Toxics Use Red
Act beginning in reporting year 2018. (300 CMR 41.00)

A.3 International Laws and Regulations

Table Apx A-3. Regulatory Actions by other Governments and Tribes
Country/Organization Requirements and Restrictions

Canada In October 2016, the Regulations Amending the Prohibition of Certain
Toxic SubstanceRegulations, 2012 (the Amendments) were published
the Canada Gazette, Part II: Vol. 150, No- Zictober 5, 2016 and will

come into force in December 2016. The Amendments include controls
HBCD that prohibit HBCD and certain products containing thestance.
Time-limited exemptions for certain uses are included to allow industry
phaseout their use of HBCD(Government of Canadla

European Union HBCD is listed as a substance of very high concern (SVHC) and it is &
|l i sted under Annex XIV (Authori
Registration, Evaluation, Authorisation and Restriction of Chemicals
(REACH). After August 21, 2015, only persons wépproved
authorization applications may continue to use the cheifiicabpean
Chemicals Agency

The Waste Electrical and Electronic Equipment (WEEE) directithe
European Union requires the separation of plastics containing broming
flame retardants prior to recycliriuropean Commission WEREE

Japan HBCD is subject to mandatory repiog requirements in Japan under the
Chemical Substances Control Law (CSCL); specifically, Japan require
type Ill monitoring for all substances that may interfere with the survivi
and/or growth of flora and faur@linistry of Economy, Trade and Indust

Japai.
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http://www.ec.gc.ca/lcpe-cepa/eng/regulations/detailReg.cfm?intReg=226
https://echa.europa.eu/documents/10162/471aceac-4e5e-4c53-a4b2-23159a290893
https://echa.europa.eu/documents/10162/471aceac-4e5e-4c53-a4b2-23159a290893
http://ec.europa.eu/environment/waste/weee/index_en.htm
http://www.meti.go.jp/policy/chemical_management/english/cscl/files/about/02Progres.pdf
http://www.meti.go.jp/policy/chemical_management/english/cscl/files/about/02Progres.pdf

Country/Organization

Requirements and Restrictions

Stockholm Convention
on POPs

I n May 2013, HBCD was added to
Convention list oPOPswith specific exemptions for production and use
EPSor XPSin buildings. As required by the conventioRarties that use
these exemptions must register with the secretariat and the exemptior]
unless extended in accordance with the obligations of theebdion,
expire five years from after the date of entry into force of the Conventi
with respect to the particular chemi€aiICCH, 2018h
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Appendix B PROCESS,RELEASE AND OCCUPATIONAL
EXPOSURE INFORMATION

This appendix provides information and data found in preliminary data gatheridg @ip.

B.1 Process Infomation

Procesgelated information potentially relevant to the risk evaluation may include process diagrams,
descriptions and equipment. Such information may inform potential release sources and worker
exposure activities.

B.1.1 Manufacture (Including Import)

B.1.1.1 Import
EPA has not identified specific activities related to the import of HBCD at this time. EPA anticipates
that imported chemicals are often stored in warehouses prior to distribution for further processing and
use. In some cases, the chemicals may keckayged into differently sized containers, depending on
customer demand, amgiality control QC) samples may be taken for analyses.

B.1.2 Processingand Distribution

B.1.2.1 Incorporated into a Formulation, Mixture or Reaction Product
Incorporation into a formulatiomixture or reaction product refers to the process of mixing or blending
of several raw materials to obtain a single product or preparation. HBCD may undergo several
processing steps and the processing is dependent on its downstream incorporation@stodriit is
discussed in the next subsection. EPA identified the following processing activities for HBCD.

Compounding into XPS Masterbatch

HBCD is compounded into an XPS masterbatch prior to being sold to XPS plastic converters, who then
convert the XB into a final article. Compounding likely occurs in a partially open process using
extruders. In extruders, blends of polymer, additives and/or masterbatch are mixed either in the hopper
or in tumblers and then fed into an extruder comprising one ordrews. These both shear the material
and transport it through a heating regime. Volatile emissions may be produced and these are vented at
various points in the extruder bar(elECD, 200). The compounded masterbatch may be converted

into a final extudate; however, EPA expects that the masterbatch is sent to industrial customers for
further processing into a final article. HBCD concentration in the masterbatch is expecte®-itObe 5
(EINECS, 2008%

B.1.2.2 Incorporated into an Article
Incorporation into an article typically refers to a process in which a chemical becomes an integral
component of an article (as defined at 40 CFR 7Gdr3]istribution in commercdexact process
operations involved in the incorporation of HB&Dntaining formulations or reaction products are
dependent on the article. EPA identified the following processing activities that incorporate HBCD and
HBCD formulations or reaction productgo articles.
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EPS resin beads are convenaid EPS productsybexpansion and then moldimgo rigid closedcell
foam Once expanded, the beads are fused in a steam heated mold to form a specific shape or can be
formed in a billeor blockthat can be ¢t-wire cut to its desired shape and size by ugerisldy, 200§.

HBCD powder or granules are incorporated into XPS products by extriisietdBCD powder or

granules are unloadedana hopper and fed into an extruder along with polystyrene resin, a blowing
agent and other ingredienss.viscous plastic fluids formed in the extruder and is discharged under
pressure through a die onto a moving belt at ambient condifibeshlowingagent vaporizes, causing

the polymer to expanidto a desired shape or form, most likely continuous sheets (boards) of closed cell
insulation Alternatively,avacuum is used in addition to the blowing agent to cause polymer expansion.
XPS masterbatch mmilarly converted into XPS produdtisICNAS, 2012k EINECS, 2008Suh,

2000.

B.1.2.3 Recycling
As stated in SectioR.2.2 construction insulation materiaserarely recycled for numerous reasons,
including that insulation waste is typically not segtad from mixed waste streahiowever, reuse and
recycle does occur in the United States. At theaHde, polystyrene insulation boards (i.e., EPS and
XPSfoaminsulation containing HBCD) may still have beneficial value for insulation. The insulation
can be removed in whole and sed in the same capacity. Polystyrene insulation may also be
demolished, melted and reformed into new insulation materials boards or other applications. Typically,
polystyrene insulation containing HBCD can only be recycled into building insulation oroilsing
applicationJU.S. EPA, 2014n

Electronic products (which may or may not contain HBCD) can also be recycled. HIPS materials
constitute more than half the plastic materials recovered from household ele¢onidsardt, 2005

No information was identified that further described the processes used in recovering the plastics from
electronics and how thogdastics are reprocessed into other products.

B.1.3 Uses

B.1.3.1 Building/Construction Materials
A major use of HBCD is in XPS and ER&mfor continuous insulation applications such as in walls
and roofs on the exterior of buildings, ceilings and subfloor systeresmakerials may be incorporated
into building products such asructural insulated panets insulating concrete forms or used in other
below grade or geotechnical applications for foundations or highways or for dimensional stability or
strength applicatins (e.g., insulated cold storage applicatighsy. EPA, 2017020148 NICNAS,
2012h.

B.1.4 Disposal
Releases from industrial sites to surface water (via direct discharge or indirect discharge through
POTWS, air and landfill are expected during manufacture, processing, use, product usage and disposal
of HBCD or products containing HBC.S. EPA, 2014aNICNAS, 201d; Environment Canada,
2011 EINECS, 2008

Demolished building materials are classified as Construction and Demolition (C&D) waste, which may
be disposed in municipal solid waste lafisliffMSWLFs) or C&D landfills(U.S. EPA, 2014n XPS
foam may also be disposed of via teasnergy plants.
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B.2  Sources Containing Potentially Relevant Data or Information

Some sources of information and data related to releases and worker exposure were found during the
systematic review literature search. Sources of data omatan identified in the Analysis Plan
Section2.6.1.1and Sectior2.6.1.4are shown irthe four tablebelow. The data sources identified are
based on preliminary results to date of the-fiet screening step of the systematic review process.
Further screening and quality evaluation aregoimg. These sources will be reviewed to determine the
utility of the data and information in the Risk Evaluation.
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Appendix C

SUPPORTING INFORMATION FOR OCCUPATIONAL EXPOSURE
CONCEPTUAL MODEL

Table_Apx C-1. Worker and Occupational Non-User Exposure Conceptual Model Supporting Table

Life Cycle RElERsE Exposure | Exposure | Receptor / “opEzzs) .
Stage CEEIRY SUEEEg ey Exposure Pathway Route Population ey Furth‘er elfenzle
Scenario Analysis
Repackaging According to CDR, all importers reported
M i - solid physical forms of HBCD and
anufacture Import Import of import Liquid Dermal Workers No —_— .
containers therefore,_ exposure to liquid HBCD during
repackaging is not likely.
Exposure will only occur in the event the
imported material is repackageth that
Solid Dermal Workers Yes case, EPA expects potential exposure as
result of dust generation during repackag
of solid particulates.
Fugitive Inhalation Workers, Yes Exposure will only occur in the event the
Dust ONU imported material is repackaged.
Oral exposure of workers to HBCD may
Fugitive Oral Workers, Yes occur through ingestion of dust that
Dust ONU deposits in the upper respiratory tract and
swallowed during repackaging.
Liquid D(_arma_l exposure is expect_ed to be _
S Dermal ONU No primarily to workers directlynvolved in
Solid - : .
working with the chemical.
Flame retardants
Incorporated into used in Clcjf'tomf
Processing fo_rmulation, ;3:2';;!2 dl?gs?n Plastics _ Solid Dermal Workers Yes EPA expects potential exposure during th
mixture or . compounding unloading of HBCD.
reaction product _(e.g., compounding
in XPS
masterbatch)
EPA anticipates inhalation of dust as a
Fugitive Inhalation Workers, Yes result of generation of dust during the
Dust ONU unloading of HBCD as the most important

HBCD exposure pathway.
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Life Cycle Relkesz | Exposure | Exposure | Receptor / ETEEEE
Category Subcategory Exposure X for Further Rationale
Stage Scenario Pathway Route Population Analysis
Oral exposure of workers to HBCD may
Fugitive Oral Workers, Yes occur through ingestion of dust that
Dust ONU deposits in the upper respiratory tract and
swallowed.
Dermal exposure is expected to be
Solid Dermal ONU No primarily to workerdirectly involved in
working with the chemical.
Flame retardants
used in plastics
product
manufacturing
(manufacture of
XPS and EPS . " .
. Incorporated into | foam: manufacture Plast|c§ . ' As an addnwe flame retardant, HBCD is .
Processing : converting; Solid Dermal Workers Yes not chemically bonded to the base materi
articles of structural )
) SIP assembly (resin) and therefore there may be a
insulated panels ;
potential for release and subsequent
(SIPS)and exposure during handlin
automobile P 9 9:
replacement parts
from XPS and EPS
foam)
Fugitive . Workers,
Dust Inhalation ONU Yes
Oral exposure of workers to HBCD may
Fugitive Oral Workers, Yes occur through ingestion of dust that
Dust ONU deposits in the upper respiratory tract and
swallowed.
Dermal exposure is expected to be
Solid Dermal ONU No primarily to workers directly involved in
working with the chemical.
As an additive flame retardant, HBCD is
not chemically bonded to the base materi
. . . Recycle of . (resin) and therefore there may be a
Processing Recycling Recycling EPS. Solid Dermal Workers Yes potential for release and subsequent
exposure during recycling activities.
. . Workers,
Fugitive Inhalation ONU Yes
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Life Cycle Cat Subcat ER BEEEE Exposure | Exposure | Receptor / fF’rrgpcl?tie? Rational
Stage ategory ubcategory S)E:F()e?-nzl;irg Pathway Route Population OAn r:ly siz ationaie
Oral exposure of workers to HBCD may
Fugitive Oral Workers, Yes occur through ingestion of dust that depog
ONU in the upper respiratory tract and is
swallowed.
Dermal exposure is expected to be primal
Solid Dermal ONU No to workers directly involved in working
with the chemical.
Distribution of
bulk raw Potential for exposure expected only in th
Distribution in Distributi e material; event the packaged raw material or
istribution Distribution o -- -- -- No .
Commerce Distribution of formulated products are damaged, resulti
formulated in the potential release of HBCD.
products
Potential for exposure highly expected
because the builidg/construction materials
Installation/Re| Solid Dermal Workers Yes can be roughly handled during constructig
use/Demolitio use, which could result in the release of
Plastic articles n of EPS/XPS HBCD in dust emissions from this activity
(hard): foam _
Building/construc construction and | insulation in | Fugitive o _
- X building residential, and EPA anticipatesnhalation of dust and othe
tion materials . . . | - . Workers, ) A .
materials covering | public and nstallation/ | Inhalation ONU Yes respirable particles as the most important
large commercial Reuse/Dem HBCD exposure pathway.
surface areas buildings, and | olition Dust
. other Fugltlve Oral exposure of workers to HBCD may
Commercial structures an . Workers, occur through ingestion of dust that depos
Use Installation/ | Oral ONU Yes in th ¢ respiratory tract and i
Reuse/Dem e upper respiratory tract and is
= swallowed.
olition Dust
Dermal exposure is expected to be primal
Solid Dermal ONU No to workers directly involved in working
with the chemical.
Emissions of HBCD from automobile
Use of Dermal replacement parts are not expected to be
Automobile Automobile automobile Fugitive - .’ significant and the EPS or XPS that
inhalation | Workers No X .
replacement partd replacement parts | replacement | dust and oral comprises these replacement parts is

parts

expected to be covered with other erél
thereby limiting emissions.
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Life el Category Subcategory I;i(epiizﬁ(ree/ e || ST0SIE | REeEII f(frrlc;ﬁ?tii? Rationale
Stage Scenario Pathway Route Population Analysis
Waste Handling, Disposal of HBCD Worker Liquid contact is not assessed due to
Disposal Treatment and P handling of Liquid Dermal Workers No subcategories of uses that have ceased 4
- wastes : . .
Disposal wastes discussed irsection 2.2.
Highest potential for exposure for
workers/occupational neasers would be tg
Solid Dermal Workers Yes wastes from handling HBCD in powder
form (e.g., disposal of raw material
packaging, baghouse dust).
Fugitive Inhalation Workers, Yes EPA anticipates inhalation of dust as the
Dust ONU most important HBCD exposure pathway.
Fuaitive Oral exposure of workers to HBCD may
9 Workers, occur through ingestion of dust that depog
and Settled | Oral Yes ) . .
D ONU in the upperespiratory tract and is
ust
swallowed.
Dermal exposure is expected to be primal
Solid Dermal ONU No to workers directly involved in working

with the chemical.
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Appendix D

SUPPORTING INFORMATION FOR CONSUMER, GENERAL POPULATION

AND ENVIRONMENTAL EXPOSURE CONCEPTUAL MODEL

Table Apx D-1. ConsumerExposure Conceptual Model Supporting Table

Proposed
Life Cycle Release from | Exposure for :
Stage Category Subcategory source Pathway Route Receptor Further Rationale
Analysis
EPS/XPS foam
. . Long-term
Building/ DU, (17 emission/mass
Consumer g residential buildings . Consumers Consumers are not likely to be in direq
construction : transfer, Mouthing | Oral . No g .
Use . covering large ; . (children) contact and mouth EPS insulation.
materials Abrasion, Direct
surface areasard
. : Transfer to Dust
plastic article
Consumers Based on HBCDO6s r
Consumer .EPS/X.PS _foam Long-term Adults and pressure and reiaely high octanclair
- insulation in o ) " -~ L2
Use Building/ X . - emission/mass | Suspendeq Children partition coefficient, it is likely to
. residential buildings ! . . . X o
Consumer |construction ; transfer, particles in| Inhalation | with EPS | Yes preferentially partition to smaller
. covering large ; : . . i : : i
Reuse and |materials Abrasion, Direct Air insulation suspended particles in the air. Note, B
- surface areasard . . .
Recyling . . Transfer to Dust in their and XPS will be compared and may b
plastic article . .
residence considered together or separately.
Consumers Based on HBCD's relatively low vapor
Long-term Adults and . . :
. . pressure and relatively high octarzit
emission/mass Children - . A
Settled |Oral . partition coefficient, it is likely to
transfer, Dust Dermal with EPS | Yes referentially partition to settled dust
Abrasion, Direct insulation p ly partit
. . from the air, and directly to surface du
Transfer to Dust in their .
. on the material.
residence
Drilling is a common mechanism to
. Abrasion Consumers attach panels to surfaces. The materia
Direct contact L .
durin through Dermal Adults who may be similarly abraded during
) g drilling/saw . linstall or renovation and removal. It is expected
installation, . Inhalation, Yes
. ing remove that adults would perform these
renovation, and . Oral . . C . .
Direct EPS activities. EPS insulation is typically i
removal . . - :
contact insulation unfinished spaces where children woy

not spend long amounts of time.
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